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Mathews Hydrants 
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JN any climate, the MATHEWS 
MODERNIZED HYDRANT can be 
depended upon to operate at full 
efficiency. The shield operating nut 
and the location of the stuffing box 
prevent water or moisture from 
seeping down or up into the oper- 
ating thread or revolving nut. Thus, no 
ice or rust can form in these vital parts 
to interfere with easy opening and 
closing in zero weather or torrid heat. 


A broken MATHEWS can be replaced in a few 
minutes without digging or breaking the pavement; 
and inspection and repairs are easily made as 
the entire barrel, with all working parts, un- 
screws and withdraws through the protection 
case. The compression type main valve prevents 
leakage or flooding when the hydrant is broken. 
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Write for the new booklet describing the exclusive 
features that have made the MATHEWS the leader 
—more than 350,000 in use throughout the world. 
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Bi igs Welded 
Pi 


W aTeRworKS engineers 
everywhere are placing more and 
more steel pipe in the ground year 
after year because of: 

(1) Its dependability ; ( ) Its long life; 
(3) Its superior wand Ss strength and 
ductility over other types; (4) Its low 
first cost; (5) The continuity of ser- 
vice and freedom from rupture which it 
assures. 

Biggs Electrically Welded Steel 
Pipe has been accepted by the 
leading waterworks engineers. 
It has given years of continuous 
service in high pressure supply 
and distribution mains. A mod- 
ern plant, a thorough knowledge 
of welding, accuracy, and close 
attention of detail, have made 
Biggs Pipe a recognized standard 
of comparisons. 


Biggs Pipe is furnished in sizes 
30” to 96” diameter and lengths 
30 to 36 feet. 


Complete specifications and data on request 


_ The Biggs Boiler Works Company, 
Akron, Ohio 


Steel Pipe 
Riveted and Welded 
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lan RVICE PIPE MATERIAL AND PRACTICE IN THE 
RA UNITED STATES AND CANADA» wor 

By James E. Grsson! 


In accordance with action of our Association at the Toronto Con- 
vention, the Water Works Practice Committee organized and ap- 
pointed a number of major and minor committees. Sub-Committee 
7-F, composed of Messrs. Seth M. Van Loan, Stephen H. Taylor, 
Leonard A. Day, George W. Pracy, and myself as chairman, did not 
get organized for work until the St. Louis Convention. 

In the Summer of 1930, we drafted a questionnaire made up of 
some 48 major and 52 sub, or minor questions, which was sent out 
from the New York Office, to 463 superintendents, managers, and 
engineers of water departments throughout the United States and 
Canada. We received 255 replies, of which 254 are considered in 
this paper. 

The questionnaire covered the following general subjects: Laying 
of, payment for and depth of service pipe, location and size of meter 
on service pipe, payment for and repairs to meter, and minimum 
charges. Further, under the heading of General, conditions as to 
pressure, methods of application for service by the consumer, and 
location of service as to property served. 

Under the specific heading of Details, we took the individual por- 
tions of the service pipe, the corporation cock and location for tapping 


! Chairman, Subcommittee 7-F, Water Works Practice Committee; Manager 
and Engineer, Water Department, Charleston, S. C. 
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TABLE 1 


REPLIES PERCENT 
RECEIVED TERRITORY OF TOTAL 


New England States: 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 


District of Columbia. . 
Maryland 

New Jersey 

New York 
Pennsylvania 


ware 


100 bo 


Southeastern States: 
Florida... 
Georgia 
North Carolina 
South Carolina 
Virginia 


Northeast Central States: 
Illinois 
Michigan 
Ohio 


Wisconsin........ 


South Central States: 
Arkansas. . 
Kentucky 
Louisiana 
Mississippi 


= 6 21.4 
if 3 28 10.7 11.00 
: 
8 31 | 25.8 12.10 
a 
rites Northwest Central States: 
8 27. 6 
7 24.2 
7 29 24.2 11.40 
16 31.2 6.30 
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TABLE 1—Concluded 


REPLIES PERCENT 
RECEIVED OF TOTAL 


Central Western States: 
Colorado 
Kansas 


Western and Pacific States: 
California. 


Canadian States: 


on 


IP TON 


of the main, goosenecks, type of joint—wiped, cupped—or patented 7 
flanged couplings or unions. ‘ 
The service pipe proper was considered, as to kind of material, 
experience with various metals, and trouble experienced, including 

external and internal corrosion. 

We asked for general recommendations based upon the judgment 
and experience of the operator as to what material is best suited for _ 
service pipes in his territory. 

The second division of the questionnaire dealt with fire line services, — 

and here again the same general outline was used as to material, | 


Wvoming 44 9.1 
| 

ri 
35 | 28.5 13.80 

Prince Edward Island............. 

| 

om 

a 


sizes permitted, use of meters, how installed, basis of annual charges, 
and how paid for. 

The replies to these questionnaires were divided into nine major 
divisions, made up as shown in table 1. 

The replies cover, from a territorial standpoint, therefore, the 
entire English speaking North American continent, and it was the 
endeavor of the committee in sending out the questionnaire to cover 
the territory of the various states so as to get not only the geographical — 
cross-section of the country, but also a population cross-section. To a 


this end, we selected both large and small cities, and while we did not 


1eceive replies from all I believe you wili grant that 255 replies out of 
463 questionnaires sent, or 55 percent, is an exceptionally good 
return. 
The replies indicated that, taking any contiguous territory, the t 
practice and customs are very similar, and that you have to consider | 
widely separated areas before you get material or significant differ- 
ences in practice. Analyzing these replies as to the detail questions, 
we find the following: 


General: Number Percent 
Laying of Service Pipe in the Street: 
By Water Department 68.5 
By Plumber 31.5 100% 
Laying Service Pipe on Private Property: 
: 
By Water Department. . 
Not Answering 100% 
Payment of Service Pipe in Street: ne ee 
By Water Department. . We 
By Consumer..... 63.5 
Water Department, Materials ‘Only... 0.4 
Water Department, Labor Only...... 1 = 0.4 
10 & 0.4 100% 
Payment of Service Pipe on Private Prop- 
By Water Department 0.4 
By Consumer 99.6 100% 
Repairs to Service Pipe in Street: 
Consumer 
Not Answering 
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_ Repairs to Service Pipe on Private Prop- 

erty: Percent 
Sia By Water Department 2.0 
ae By Consumer 97.2 
Not Answering 0.8 


It is seen, therefore, that practically 69 percent of all service pipes 
of the cities reported are laid by the water department within the 
city streets, against 31 percent by the plumbers. _ In private property 
only 13 percent are laid by the water department and 87 percent by 
the plumbers. When we come to payment for these service pipes, 
it is noted that 35 percent are paid for, in the street, by the water 
department, and 64 percent by the consumers; whereas on private 


repairs 68 percent of the repairs in the street are borne by the water _ 
department, and on private property, 97 percent by the consumers. _ 
This, in the speaker’s opinion, isasit should be. Thatis, the water | 
department should lay the pipe in the street and the consumer on 
the private property. Payment for the pipe in the street should be 
made by the consumer unless the laws or ordinances of the munici- 
pality provide for an annual charge for this service whether used or 
not; otherwise, it becomes an outlay and maintenance of the water 
department, for which they receive no return, and the cost, deprecia- — 


tion, and maintenance must necessarily be passed on to the other ; 


_Depth of Service Pipe, Unpaved Area: Number Percent 
_ Shallow, less than 3 ft 26.7 
Average, 3 ft. to 5 ft 53.0 

Deep, over 5 ft 52 20.3 


Depth of Service Pipe, Paved Area: 
Shallow, less than 3 ft 


_ Reasons for Depth of Service Pipe: 
Mechanical 


Total 
100% 
100% 
00 
_0.4 


1440 


Under the heading Depth of Services, Paved and Unpaved Areas, — 
the percentage remains about the same without regard to the type of — 
paving—that is, for shallow depth, less than 3 ft., 25 percent;3to5 
ft., 53 percent; and over 5 ft., 20 percent. As tothe reasonsforthis 
depth, it will be noted, climatic conditions play an important part, — 
as 79 percent of the replies state that the depth is determined by ; 
climatic conditions, 11 percent is given as mechanical, whereas — 
ordinances or legal requirements represent only 3 percent. . 


Location of Meters: Number Percent 
Sidewalk, Curb, or Yard............... 41.7 
Cellar 45.7 
Optional 9.9 
BY Not Answering 2.72 100% 


Conditions Governing Location of Meter: 
Climatic. . 


Local Ordinances, Custom, and Regula- 

ot hy Optional 


Answering 100% 


j 
: ‘Preference as to Location of Meter: 


Customary Size of Meter: 

Same as Service Pipe 
Larger than Service Pipe............... 
Smaller, one or two sizes 
Same as Corporation Cock....... 
Conditional or Optional 

Answering 

of Meter: 

By Water Department 
By Consumer 
By Water Department, 80 percent 
By Water Dep’t, under }’”’ size 
By Water Dep’t, under 1” size 
By Water Dep’t, under 1}’’ size......... 
By Water Dep’t, under 1}” size.. 2 
By Water Dep’t, under 2” size.......... 
By Water Dep’t, under 3” size..... 
Water for Domestic Service Only 
Not Answering 


ON [J. A. W. W. A. 
2 
Curb ... 126 49.7 
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nary Wear and Tear: Number Percent 
Maintenance for 10 Years, Water Dep’t.. 1 0.4 
Damaged by Hot Water or Frost: 


Payment of Maintenance of Meters, Ordi- 


Under the heading of Location of Meter, it will be noted that the — 
sentiment seems to be evidently divided as to sidewalk or cellar. 
The reason for this is probably given under the next heading where © 
climatic conditions is given in 33 percent, accessibility 16 percent, — 
ordinances, custom, legal regulations, etc., 14 percent. But it will 
be noted here that 35 percent evaded the question. . 

Preference as to Jocation of meters indicates that the curb is more 
desirable, 50 percent giving that preference as against 39 percent for 
the cellar. 

Size of Meter: There seems to be a very varying practice as to the 
size of the meter, but in general there are two major groups—the 
same size as the service pipe, being 37 percent; and smaller than the 
service pipe, being 39 percent—with an optional group of 13 percent. 
Classing this optional group in with the same size of service pipe 
group, we would have a preponderance in favor of the meter being 
the same size as the service pipe. 

This portion of the service pipe should be carefully considered, the 
topography of the city, type of the houses, and the pressure available — 
at the street main at the particular location, should all be given con- 
sideration. In low pressure areas, with two or three story buildings, 
the size of the meter should not be less than the size of the service 
pipe; but in high pressure areas or low, bungalow type of building, 
it is desirable to use a meter that is at least one size smaller than the 
service pipe. This refers particularly to the domestic or household 


supplies. 
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Wate 
Consumer........ 
| 


percent of the replies favor the water company owning the meter, 
and only 22 percent favor the private consumer owning the meter. 
In a number of the replies, the ownership of the meter is dependent 


> 


upon the size of the meter, the water company owning the meters up 
tg various sizes, and the large sized meters being owned by the con- 


sumer. We are strongly in favor of the water department owning 
all meters, and maintaining the same for ordinary wear and tear, 
and this view is supported by the replies to the question on mainte- 
nance of meters, as 80 percent of the replies show that the water 
department maintains the meter. 

- When damage is done to meters by hot water or frost, it seems 
almost universal custom to charge the cost of these repairs to the 
water consumer, although 75 percent of the replies to the question- 
naire evaded the question by not answering. 
of 


Detail! of Installation of Service Pipe: 
Total 


Tapping of Main: Number Percent 
By Water Department................ 233 91.8 acmils 
Nia 13 5.1 
Plumber for and under........ 1 0.4 
Position of Tap on Main: 
90° from vertical... ........i..:. 26.0 


_ Tapping of Main: It will be noted that 92 percent of the replies 
_ indicated that the water department should tap the main, which we 
_ believe is entirely in line with good practice, for as the water depart- 
ment is responsible for the maintenance of its mains, it should have 
_ directly under its supervision and charge, all work in connection 
with the mains. 

As to location of tap, it will be noted that 53 percent of the replies 
stated that the tap should be made 45° from the vertical, and only 
183 percent replied that tap should be made on top of the main, and 
26 percent at 90° from the vertical. The governing feature here 
seems to be depth at which the mains are laid. In the cold climates, 
the practice was even to tap horizontally and then lay the service 
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pipe deeper than the main, whereas in the moderate climates the 
main was laid deeper than the service pipe and therefore 45° angle 


for tapping became the most convenient. 


Size of Corporation Cock: umber Percent Total 2 


as Service Pipe 
Same size for 1}’’ service pipe and under. 
Same size for 2’’ and under 
3’’ Standard 
1”’ Standard 
Smaller for 1’’ service pipe and below. 
Smaller for 1}’’ service pipe and below. 
Smaller for 2’’ service pipe and below. 
One Size Smaller 
} to ? size of service pipe 
Smaller than Service Pipe 
ie Larger than Service Pipe............. 
Conditional 


for) 


Projection of Corporation Cock through Wall 
of Main: 


through Main 
Not Answering 


Minimum Size Corporation Cock Used: 


Maximum Size Corporation Cock Used for twine ort} 
Various Sized Mains: oh 
4” cock 


aved ot 


Son 


oT 
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of 
Ad 
nswering 4 16 100°. 


cock 


at: 


1) 
100% 


Under the heading of corporation cocks, it will be noted that 66 
percent of the replies indicate that the corporation cock is the same 
size as the service pipe, and 18 percent smaller than the service pipe. © 
The remaining were split up, depending upon the size of the tap to — 
be made; the majority, however, seemed to be for the same size as ~ 
the service pipe. If these latter replies be added to the 66 percent, | 
there would be an overwhelming preponderance in favor of using the 
same size corporation cock as the service pipe. This we feel is the 
preferable practice. 

As to the projection of the corporation cock through the walls a 
the main, it will be noted that in 41 percent of the replies, the practice 
is to have the corporation cock project through the wall of the pipe 
anywhere from ;5”’ to 3’’; 32 percent make no effort to have the 
corporation cock project through the pipe; and 14 percent failed to 
answer the question. 

As to the minimum size of corporation cock, 50 percent use ?’’ as the 
minimum size; and 46 percent, 3’’ or less. We believe this is inline 
with proper practice of doing away with en cocks smaller 


15.7 
cock. . eee 21 8.3 


The maximum size corporation cock used for various sized mains 
was the most generally misinterpreted question in the questionnaire. _ 
The practice is very varied, but to a limited extent 2’ corporation 
cocks are used on all sized mains from 4” up. It would appear how- 
ever that on the smaller sized mains it is not advisable to use larger __ 
than 1”, This would apply up to 6” mains. Above that, it seems = 
to be good practice to use any size up to 2” at least. 


Goosenecks: 
Material Used: Percent 
3.9 
0.4 
48.9 


Length of Goosenecks: 
Under 18” 3.1 
18” to 24” 32.7 
30” to 36” 2 4.3 
Varying Length 4.3 
Not Answering........... 55.5 


this by not answering. Boog gatvad inser tsi 

Wiped Joints: wree at hive 
Trouble Experienced? Number Percent 


vine) 
on 


Objection to Wiped Joints? 
Expensive 
No Experience 
Not Answering 


From the replies about wiped and cupped joints, it seems that 
" rouble is experienced on all types of wiped joints. 
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3 
100% 
ape 
Lead is most universally used for goosenecks and in lengths averag- ane ae 
Ing about 18 to 24’’, although a large percentage of the replies evaded “oe a 
ag 
| 
Troubled with Cupped Joints? 
4 


You will note that we have classified the veplins unilen the headings 
Yes, No, and Not Answered. A large percentage however omitted 
answering the question, but when answered the main objection seems 
to be covered by expense and weakness. This does not apply tothe | 
same extent in the case of the cupped joint. 


Unions: 


Flanged Unions, Lead Pipe: Percent Total 
58.7 


1.6 
9 0 


No Experience. . . 3.9 


Unions on Copper Pipe or Tube: 
49.6 


No Experience 
Not Answering 


Flanged unions for both lead and copper pipe seem to meet with 
fair approval, 59 percent having good experience with flanged lead 
unions and 50 percent good experience with copper unions, so it is — 
evident that this mechanical joint is generally satisfactory, and where — 
poor results have been obtained, the reasons have been workmanship — 
or soil corrosion. Here again, a large percentage did not answer. = 


Materials used in Service Pipe: 
Galvanized Steel? Percent 
14.9 
10.5 
6.7 
67.7 


5.6 
1.0 
3 
1 


8. 
55. 
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‘ Galvanized Wrought I 65 ‘ 


Not Answering. . 


Lead Lined Galvanized Iron? hasiaay 


Soon 


Tin Lined, Lead? hoor? 
Pair. . 4. 


Copper Tubing? 
Good.... 


Cast Iron? 14” to2”: 


gia. foods. 

t 


ad} to 
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Lead? Number Percent Total 
Brass Iron Pipe Size? 
Black Wrought Iron? 
Poor 
. 
Cement Lined Galvanized Steel? 


4 


Cement Lined Galvanized Iron? orb ls 
Not Answering 


© 
© 


| 


Cement Lined Black Wrought Iron? 


Not Answering 


Minimum life of galvanized iron pipe throughout the whole 
territory is given as one year; average as 20 years, and maximum as 
60. Not answering questionnaire 32 percent. 

It is difficult to analyze this question, but roughly speaking, the 
average minimum life of galvanized pipe throughout the United 
States and Canada, taking in all of the replies, is probably less than 
8 years; the average life is somewhere in the neighborhood of 20. 
years, and the average maximum throughout the territory runs close 
to 30 years. 

Coming now to the materials in the service pipe proper, the practice - 
seems to be exceptionally varied and it is hard to lay down anything | 
but general conclusions. It will be noted that 15 percent report — 
good experience with galvanized steel pipe; 25 per cent with galvan- 
ized wrought iron pipe; 40 percent with lead, and 49 percent with 
copper tubing; but there was a large percentage in each division not 
answering the question. This is probably due to the fact that they 
would answer only that portion of the questionnaire with which they 
were familiar. That is to say, under the head of copper tubing, it _ 
will be noted that 123 report its use, and 131 did not answer. That 


is, of the total number positively answering the question, they all — 


report satisfactory service, whereas with lead the proportion of good 
and fair is only 45 percent, and with galvanized steel 25 percent. 
These materials cover the three principal classes used. 


ed BI: k Iron? Number Percent Total 
Cement Lined Blac : 0.4 
rape 
Gaur 
id 


Incrustation in Service Pipe: Number Percent 

Renewal Pipe, Substituting Lead Pipe 
Presumably for Iron, and Substituting 
Copper Presumably for Iron 

No Trouble Experienced 

Substituting Lead Lined 

Substituting Cement-Lined Pipe 

Installing Larger Pipe 

Washing out with Acid 

Treating Water to Reduce Corrosion or 
Tuberculation 

Not Answering 


- Trouble with Lead Dissolving Causing Lead 

Poisoning? 
Known Lead Poisoning 
Positively No Lead Poisoning........... 236 93.0 
Lead Dissolves, If Used 0.4 
Not Answering 6.2 


In the matter of corrosion leading to tuberculation and incrustation : 
in service pipes, it will be noted that only 38 percent of the replies 
report no trouble experienced, and in those cases where experience is 


had 44 per cent overcome the difficulty by renewal of the pipe or by 
substituting lead or copper pipe, for presumably iron. In 5 percent 
of the cases, resort is had to changing the treatment of the water. 
Here 9 percent failed to answer the question direct. 

It will be noted that we asked the direct question as to trouble 
had with lead service pipe in dissolving of the lead causing poisoning. 
You will note that 93 percent answered positively that no lead dis- 
solving occurs, and only one reply stated known lead solvency, while 
a second reply was that lead solvency would occur if lead were used. 
So it will be seen from these replies that lead pipe is a satisfactory 
material for service pipes and does not cause lead poisoning except 


50.4 
43.4 


6.3 100% 
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Type of Water? Number Percent Total 


58.7 


6.3 


Hardness: 
Hard, over 100 p.p.m 
Medium, 50 to 100 p.p.m 
Soft, under 50 
Not Answering 


Hydrogen-Ion Concentration: spr 
High, above 7.5 
Medium, 7.0 to 7.5 
Low, below 7 
Not Answering 

Remedy for Red Water Troubles: ee oe 

1 has 


Increasing pH 


‘ Iron Removal Plant 
Change of Pipe Material. . 
Flushing Main 
Not Answering 


COND OD 


2. 
1. 
2. 
0. 
8. 
5. 


7 


100% 


Under the heading of corrosion, soil and water, it will be noted that — 
50 percent of the replies indicate soil corrosion and 35 percent corro- — 
sive or aggressive waters. The characteristics of these waters vary 
as follows: Hardness, over 100 p.p.m. 32 percent; between 50 and 


100 p.p.m. 15 percent; and under 50 p.p.m. 33 percent; not answering _ 


20 percent. Hydrogen-Ion Concentration, value of 7.5 or over 14 _ 
percent; 7 to 7.5, 17 percent; below 7, 11 percent; not answering 50 — 


percent. 


The replies as to remedy for red water troubles are very inconclu- 


Location of Service Pipe: 
Intermediate Lots: Percent Total 
Front of Lot Only 37.8 ate 


Front or Rear, Optional 
Not Answering 


' 
: 
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Corner Lots: Number Percent 

ani Ideal Material for Service Pipes: 
Lead and 183 TA 
Cement-Lined Wrought Iron........ 11 ae 
Cement-Lined Cast Iron............ 6 
Lead Lined Wrought Iron.......... 1 
Not Angwering: i. 16 100% 


Under the heading of General, Location of Service Pipes, it is 
noted that 38 percent of the water departments insist upon the _ 
service pipe entering intermediate lots from the front and 60 percent _ te 
optional front or rear. On corner lots, 16 percent insist upon the 
front and 80 percent from the front or side, and 2 percent from the 
rear and side. 


to enter the lot from the rear except in cities where the gridiron 
system is used with alleys running in the rear of the lots, it would 
indicate that 90 percent insist upon the service entering from the 
front on intermediate lots, and 95 percent from the front or side on 
corner lots. This matter is not usually given much attention, but it 
should be for the reason that it is almost a physical impossibility to 
maintain plans of each individual service throughout the city and, — 
therefore, this part of the department’s work should be as nearly 
uniform and universal in practice and location as possible, so that 
the details may be uniform and all workmen of the department may _ 
know and be able to render immediate aid without searching through __ 
files for information. 

Under the heading Ideal Material for Service Pipes, it will be 
noted that 72 percent of all the replies indicate lead and copper as the 
ideal material for service pipe, the division between these two being 
Lead 23 percent and Copper 49 percent, Galvanized Iron 13 percent. 
So it is predicted that the coming practice is to lay service pipes of 
lead pipe or copper tubing, with the probability of the copper tubing © 
becoming the universal material. 

Under the heading of Service for Fire Protection, the material used 
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almost universally is cast iron and the sizes permitted vary from a 
maximum of 16 to a minimum of 1} inches. The practice, however, — 
seems to be in no case to grant a service larger than the main to which — 


it is connected, and the most usual practice is stated as 50 percent 


of the size of the main to which the service is connected. In many | 
cases, the maximum stated is 6- or 8-inch, these two sizes composing | 
87 percent of the questionnaire positively answered. 

As to metering of fire service, the practice is not very uniform, 
the results being: 


Number Percent Total 
_ Hydrants and Standpipes................. 46 18.1 
‘Sprinkler 43 16.9 
Optional 2.4 
Not Answering 58.3 


Installation of Fire Line Service: It is almost universal practice for 
the consumer to install and pay for these services. The maintenance, — 
however, seems to be generally carried by the water department for 
the mains laid within the street lines, the same as in the case of _ 
domestic services. The practice as to the annual charge for service 
rendered under fire protection is very varied, as shown below. 


- Charge Based on: Number Percent Total 
Number of Standpipes or Hydrant mm 


Area Protected 2 0.8 


wed No Charge Made 36.6 
Not Answering 15.8 100% 


In case of meters where the fire line services are metered, and al- 
lowance made for use of water in case of a fire, we note the following: 


Number Percent Total 
22.0 
74 29.1 
79 31.1 100% 


The practice for fire lines as to the material used, sizes permitted, 
whether metered, cost of installation and maintenance runs very 


14: \MES E, GIBSON 
= 
: 
* 
i 
” 
on 
3 
: 
ae 
4 
9 
> 
Sard 
* 
‘ 


IPE MATERIAL 


parallel to that of domestic services; but when it comes to the question _ 

of metering and the basis of annual charge for fire protection service, _ 

the practice is not at all universal. meh Auneneivitie oft 
In summary, we may state the following: 


1. Material for Service Pipe: Lead or copper tubing, with a probability of e , 
copper tubing becoming to be recognized as the best material. ca 

. Corporation Cock: The same size as service pipe, tapped at 45° from the 
vertical and projecting into the main from }”’ to }’’. 

. Goosenecks: To be done away with in the case of lead and copper pipe, © 
but to be continued in use where iron pipe or copper pipe iron size is a b ; 
used. 

. Meters: To be set preferably at the curb line except in exceptionally oe 
cold climates or where cellars are available, and preferably the same 
size as the service pipe, except in cases of high main pressure or one- 
story buildings, where a meter one size smaller than the service main 
may be permitted. 

. Service Pipe to be Laid and Maintained by the water department within 
the street line, but to be paid for by the consumer. 

. Size of Service Pipe: Minimum } inch; maximum to be dependent upon 
the demand of the consumer. 

. Fire Protection: Service material in all cases to be cast iron and not — 
larger than the main to which they are connected; preferably in no — 
case larger than 8’’; to be metered using some form of proportional ra 
type meter that interposes a minimum resistance. Charges for this 
service to be based on size of service pipe and all water passing — 
through meter to be paid for at regular rates, except in case of fire (to = 
be determined by report of the fire department of the municipality), 
when a rebate for water used will be made. Cost of installation to 
be borne by the consumer; work in the street to be done by the water 
department. 


pile 


In conclusion, I wish to say that the great difficulty in determining _ 
the proper size of the service connection is the lack of information — 
regarding the fixtures that are to be installed and used. We all live 
according to universal customs as to hour and, therefore, the peak © 
demand or draft occurs at almost fixed hours. In modern residential — 
buildings it is coming to be the custom to increase the number of _ 
fixtures, thereby causing a heavy peak demand. I mean homes are _ 
being built today with three and four bathrooms, using shower and © oi 
needle baths and flushometer type of toilets. This imposes upon 
the water department a hardship, in that the quantity of water 2 | 
delivered will probably not exceed, or may be even less than that 
with the present type of fixtures, as the shower bath in the total 
requires less water than the tub bath. The demand for the shower 
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bath however is materially larger than for the tub, and, in addition, 
a sufficient volume must be supplied through the service pipe to meet a 
the simultaneous demands of other fixtures throughout the house. 
This undoubtedly means larger service pipes, larger meters, with the 
accompanying loss of water due to under-registration where small 
leaks occur. 
The water superintendent, in determining the size of a service, — 
must consider the topography of his city. In the electric or in the © 
gas industry, the topography and height of the building do not affect — 
the voltage of the current, and in the case of gas, the pressure at the — 
top of the building is actually greater than at the bottom, whereas — 
with water the reverse is true, so that the water superintendent is — 
at a disadvantage when compared with the electric light or gas f 8 
superintendent. 
Furthermore, the architect and builder often fail to consult with | 
the water works superintendent as to the proper size service or the | 
fixtures which he should install, and uses the “rule of thumb” for his 
calculations, overlooking the fact that plumbing fixture demand 
has increased, and what was good practice a few years ago may be | 
obsolete now. I am quite satisfied that more coéperation between 
the architects and plumbers of the community with the water works | 
superintendent or engineer will work out to their mutval satisfaction _ 
and to the customer’s advantage and pleasure. 
When we stop to analyze the thing, a man builds a home either to 
live in or to rent. He does not rebuild it soon, and the investment 
will give a proper return only on condition that the service rendered — 
to himself or tenant is satisfactory, so that a few more dollars spent — 
in adequate plumbing facilities is usually well spent. Often, how- 
ever, in an effort to save a few dollars in first cost, the comfort, 
satisfaction, and better financial return are lost sight of. 
Howarp S. Morss (Indianapolis, Ind.): A year hence I shall be in 
position to give you more conclusive views on this subject than at 
present, because it is only within the past two months that we of the 
Indianapolis Water Company have become lively conscious of the 
importance of this subject of service lines together with that of con- 
sumers plumbing. 
Indicative of the importance of this subject, it is interesting to note 
that in the “Rating Scale of Public Relations” developed by Water 
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Works Practice Committee No. 9, ‘‘Service Lines and Consumers — : 
Plumbing” ranks with ‘‘Adequacy of Supply” and “Public Informa- 
tion’ in the effect on Public Relations. ; 

One explanation of the fact that the Indianapolis Water Company 
has only recently fully realized the importance of this subject is that — 
we have changed from a flat rate to a metered basis. Consequently 
our viewpoint has changed and now we are more interested in selling — 
water than in restricting the use of water. 

But beyond that fact, we also recognize the remarkable improve- 
ment during the past five years in plumbing fixtures and lawn sprin-- 
kling installations, and we realize that the size of service lines and | 
interior plumbing has not kept pace with the increased demand for 
water service. 

This condition is natural, for we all know that in water distribution 
systems it is easier to spend money for extensions to reach new cus- 
tomers than for reinforcing mains and additional pumps to maintain 
the supply and service for these new customers. Z 

Similarly, the customer adds a new bath room and lawn sprinkling 
apparatus, but is slow to replace the service line and basement plumb- 
ing with adequate sizes. Then he wonders why he cannot sprinkle 
the lawn while his wife is taking a bath and the maid preparing dinner, 
and, of course, his conclusion is ‘‘poor pressure’’ in the mains. 

By force of repetition these facts have been brought home to us, 
with the result that during the month of April, 1931, we sent out a — 
letter to plumbers, architects, builders, realtors and rental agencies — 
in Indianapolis, in which we stated that: es 


Friction loss through small pipes when an increased volume is required is — 
much greater than usually estimated. Although the static pressure is normal 
the friction loss may be such that adequate service becomes almost impossible. _ 
The diameter of the inside main supply line for small residences with one bath — * 
and toilet should under no consideration be less than 2 inch. With the advent | 
of the larger homes with two bathrooms, flushometer valves and large sprin- 
kling demands, larger service lines are required, and for such properties we 


cluding the main inside dainply line. The large home with many fixtures merits 
individual study and we will be glad to coéperate with you so that satisfac- 
tory service may be furnished. The small increase in expenditure for adequate 
piping for the home, whether large or small, will be far offset by years of 
satisfaction. 


| 
= = 
Along this same line we find that agents selling lawn irrigating sys- Poe he 
tems are recommending service lines up to 2 inches in diameter and ~~ 


we have a few installations in Indianapolis of separate service lines 
for the residence and for lawn sprinkling. 

Replies to a Questionnaire sent out by the Secretary of the Indiana 
Section of the A. W. W. A., for use in this discussion, show that in 
Indiana the size of service lines for domestic properties ranges from } 
to 1 inch, the majority being ? inch in diameter. About half of the 
water plants in the state install the service lines, the other half being 
installed at the expense of the property owner. The majority of the 
Indiana water plants maintain the service lines even though they may 
not be the property of the plant. 

The general practice in Indianapolis is to install 3-inch services with 
3-inch taps for domestic purposes, although we have a considerable 
number of ?-inch services and a few 1-inch and 2-inch services. The 
Indianapolis Water Company has never installed new services, but 
starting about a year ago it assumed the function of maintaining the 
portion of services within the streets. However, as previously sug- 
gested, we are in the midst of experiments and studies leading to a 
complete revision of our practice with respect to service lines. 

As to materials, the regulations of the Indianapolis Water Com- 
pany specify use of either lead pipe or copper tubing for service lines 
less than 2 inches diameter, and cast iron or galvanized extra heavy 
wrought iron for 2 inches and larger, within the limits of the street. 
Inside property lines galvanized wrought iron pipe is permitted and 
usually used. 

In this connection we are preparing to make experiments on pres- 
sure losses through various size taps and pipes, meter yokes and 
meters, in order to gather information necessary in the framing of 
standard practice. Also, we have equipped our inspectors with the 
necessary attachments and gauges so that in case of complaint of 
inadequate service they can make a thorough investigation of the 
service from the main to the highest fixture in the house. 

In considering this subject I would direct your attention to a very 
excellent paper in the Proceedings of the N. E. W. W. A. by Caleb 
Mills Saville, under date of Nov. 13, 1918, entitled ‘“The Selection of 
Meters.” Quoting Mr. Saville: ‘‘“Requests for larger meters usually 
disclose that ‘my plumber advises me that the meter is too small and 
interferes with the proper operation of the new piping which has just 
been put in.’ In other cases it has been found that, although the 
interior piping is old and filled with rust, the owner has been advised 
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Saville indicates that to meet these conditions with a nidinte economy — 
as well as efficiency, it is desirable to consider the installation of 2 
larger service pipes instead of larger meters; proper provision in the 
house-piping system, to meet the demands of modern plumbing, 
instead of installing larger meters; the selection of meters properly 
designed for the particular use to which they are to be put. 
Another publication of interest is a Bulletin issued in 1929 by the 
Bureau of Standards, U. S. Department of Commerce, in the ‘‘Elimi- 
nation of Waste Series,’ on the subject ‘Recommended Minimum 
Requirements for Plumbing.” It is interesting to note that that 
Bulletin suggests that the minimum size of water services from the : : 
curb to the dwelling shall be } inch and to fixtures 3 inch and } inch. | 
This Bulletin also contains this interesting sentence on water services: 
“The water service pipe of any building shall be of sufficient size to 
permit a continuous ample flow of water on all floors at a given time.”’ 
[ shall not attempt to harmonize this requirement with a minimum 
size of 3-inch service. tet 
Another interesting booklet is issued by the Keating Valve Co. is Hole 
Springfield, Mass. on the subject ‘Water Pipe Sizes for Plumbing BS 
Fixtures,’ as prepared by Walter S. Timmis, Consulting Engineer | 
of New York City, under date of 1923. This booklet gives a tabula- as 
tion of the quantities of water that will be delivered by various size — 
pipes and of various pressure losses per lineal foot of pipe run. The ‘. 
Bureau of Standards bulletin previously mentioned, also gives a pS rigs 
tabulation of the normal use of water for different types of equipment _ 
as well as a series of observation on determination of the peak load © 
on any plumbing system. 
The Keating booklet makes the definite suggestion that 15 pounds Ae 
static pressure at the highest fixture in the building, when the average 
number of other fixtures are in use, should be the minimum allowable. 
An illuminating comment is made by Geo. H. Fenkell, General __ 
Manager of the Detroit Water Works and at present President of this Beet 
Association, in a chapter on “Water Supply Piping’ in Walker & 
Crocker’s Piping Handbook. He states: “It is not unusual to find — 
that the loss of head through the service connection, meter, and the — 
pipes in the consumer’s premises is greater than the total loss of head — 
between the pumping station and the point in the street main where __ 
the connection i is made.” sje 
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now on the press entitled ‘American Plumbing Practice” by Wm. C, 
Groeniger, Consulting Sanitary Engineer, Assisted by E. L. Groeniger, 
Sanitary Engineer. One Chapter in this book is on “Water Supply 
Pipe Sizes” in which tables for sizing pipes are developed, based on 
the supply and pressure demand for all sorts of fixtures and for va- 
rious types of use. 

I am thoroughly convinced that Mr. Gibson’s Water Works Prac- 
tice Committee No. 7-F “Service Connections and Meters’ has an 
extremely interesting task ahead of it. In conclusion, I suggest 
that if one of the National Divisions of this Association, for example 
the Plant Management and Operation Division, is hungry for work, it 
can help Mr. Gibson’s Committee and water works plants throughout 
the country by promoting at different plants experiments and studies 
similar to those just being started by the Indianapolis Water Com- 
pany with respect to the proper sizes of services, plumbing and 
meters to meet various requirements. 

Unless the portion of water supply systems between mains and 
customers’ fixtures is improved to meet increased demands for water 
service, the alternative is increased pressures throughout the dis- 
tribution systems to compensate for loss in pressure because of inade- 
quate services and plumbing. This is not good engineering and, 

Davin A. HEFFERNAN (Milton, Mass.): This is a subject that I 
am very much interested in, but I am very much disappointed that 
the replies to the questionnaire sent out by Mr. Gibson were not more 
complete. It is too bad this problem was not one of the first on the 
program so that we would have had a greater number to discuss this 
important subject. 

When a young man, | started out to learn the plumbing trade. 
After serving four years with a reliable concern, I was let out to work 
for the Milton Water Company at Milton, Massachusetts. In 1890, 
I started my career as a water works man. At this time Milton was 
supplied with water from the Town of Hyde Park, just over the Mil- 
ton line, water being obtained from driven wells along the Neponset 
River. The materials used for services were as follows: lead, gal- 
vanized cast iron, and cement-lined pipes, lead pipe being in the 
majority as it was recognized at this time to be the best for long ser- 
_ vice. Early in 1901 a trunk sewer was constructed by the 
_ Metropolitan Sewer Commission with a large section of it passing 
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through Milton. While the work was under construction, various 
wells in the vicinity went dry, and left the tenants without a supply 
of water. Applications were then made with the State authorities — 
to replenish their supplies of water somehow. This was done and — 
new services were installed by the Water Company, and the cost of 
said installations was borne by the Sewer Commission. Later in — 
the year our attention was called to several cases of lead poisoning 
in the town. Strange to say, the most serious cases were those as a — : 
result from the new lead services recently installed by our company — 
under orders from the Sewer Commission. Claims for damages were 
made by those affected and through the court findings, the Water _ 
Company had to pay large sums of money to settle the claims against 
them. The citizens of Milton were so much alarmed at this time 
about the existing conditions, that a change of supply was demanded 
and that the Town should also purchase the Water Company. This 
was done in 1902 and water was purchased from the Metropolitan 
Water System. 

During my service as a plumber for the Water Company I had an 
opportunity to study the value of using cement-lined pipe as aservice = 
pipe. By making a few minor changes over the old method of lining 
the pipe, it was adopted a as the standard. The result is that today — 


I should like to make a asia remarks on how our services are laid. 
A $-inch corporation cock with iron pipe thread is inserted on an 
angle of 45 degrees into the pipe and also extended a trifle inside the 
wall of the pipe so as to prevent corrosion between the brass and iron. 
After the tap is made a lead goose neck is used 18 inches long, size _ 
¢ inch, weight 5 pounds per foot. At the end of the goose neck a 
l-inch hexagon brass nipple is screwed into a 1-inch lead-lined cou- 
pling made on 15 foot lengths of strictly wrought iron pipe. At the | 
curb box a l-inch tee head, Newport pattern is used. This is also 
lined with lead. From the curb to the cellar cement-lined pipe is 
used, and if any fittings are needed for an offset, they are put in and 
are also lined. Inside the cellar wall the pipe is connected to a 1- 
by f-inch reducing coupling (lined). From this coupling brass 


is put in. From the stop and waste brass fittings are used to the | 
meter. This completes the average service in Milton and, if a careful 
study is made of how it is installed, you can readily see it is impossible 
for the pipe to fill up or any chance for galvanic action to take place. 
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This continuous service lining adopted by the Milton Water Depart- 
ment is superior to any other pipe used to convey water to its con- 
sumers. All service charges are made from the main pipe to the 
meter, and work of installing is done by employees of the Watery 
Department. 

All services up and including 2-inch cement-lined wrought iron 
pipe is used. Due to the fact that all our main and service work is 
done by our own employees we are assured of better workmanship 
and less liability of leakage in our system. Proof of this from time 
to time is our low per capita consumption as compiled by the Metro- 
politan Water Commission. The readings of the Venturi meter 
between the hours of one to four a.m. show the rate to be about 
150,000 gallons. This low rate with 76 miles of main speaks for itself. 
Due to modernized plumbing fixtures more water is now used, and 
wasted. This is now a well-known fact as shown by the amount of 
the water bills. Care should be exercised by the water department 
in putting in service pipes which are large enough to supply flushing 
valves, etc. This can be done by consulting the plumber or architect 
when application is made for service. 

Many departments require the installation of a check valve on 
the house side of the meter on a direct pressure system. In my 
opinion this is not good practice, as it is cheaper to charge for repairs 
to meters if damaged, than have property damaged to a greater 
extent inside the building by the failure of the relief or vacuum valve 
installed. 

Galvanized pipes can be used with some waters and by using the 
larger sizes from 1- up to 2-inch, fifteen or more years’ service may 
be obtained. 

In New England our soft water shortens the life of this pipe rapidly. 
In my opinion ordinary brass pipe should not be used underground. 
Red brass or Anaconda pipe is now being used by many departments. 

Based on my knowledge of brass pipe, I still claim that the varia- 
tion in the alloys used in the pipe and fittings create galvanic action 
and the pipe is bound to deteriorate around the threads. 

As for copper pipe this is in its experimental stage. Many good 
points have been brought out in its favor by the manufacturers, but 
certain elements to be further studied have come to my attention, and 
at this time I cannot recommend its use. I have installed one copper 
service and will from time to time examine conditions of the pipe along 
the line of a check against one of the elements that I believe will he 
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ECONOMY OF UNIVERSAL METERING anoitond 
devices 
By E. A, JOHNSON! AB 


Metering is primarily a means of preventing the wastage of water. 
The term ‘“‘wastage’’ is indefinite and unfortunate as applied to 
losses of water in city supplies, implying far more than it should. 
The proportion of water lost through unaccountable means is small. 
The greater part of lost water is through leakage. This subject has 
been thoroughly covered by trade papers, reports of city engineers 
and others. To many, particularly those who study the late issues 
of our encyclopedias, the question has already been decided as” 
against universal metering. The Encyclopedia Britannica, in one 
of its latest editions, in speaking of water meters, says “‘but the worst is 
evil of the meter system and one which must always prevent its intro- _ 
duction into the United Kingdom is the circumstance that it treats 
water as an article of commerce to be paid for according to the quan- __ 
tity taken.”’” On the other hand, Henry C. Meyer, Editor of “‘The kis 
Sanitary Engineer,’ New York City, in 1885 published a book at By 
least forty years prior to the opinion of the Encylopedia Britannica. — 
In this book on water waste prevention, Mr. Meyer shows that the __ 
cities of Glasgow, Manchester and Liverpool had been experiencing im 
difficulties with waste of water with a consequently inadequate supply ~ 
as far back as 1847 in Manchester, 1875 in Glasgow and 1873 in | 
Liverpool, so that in addition to a rigid inspection of fixtures, each 
city had installed meters on all industrial services and district meters 
in residential sections, with the results that in Glasgow the total © 
gallons per capita were reduced from 81.3 to 34.1. Inthissame book, _ 
Mr. Meyer shows that Providence, R. 1., which from the beginning of __ 
its public distribution of water (1870) had meters in general use, __ 
showed a result of 40 gallons per capita in 1883 with 5800 meters in- _ 
stalled, as against the City of Milwaukee having approximately the — 
same number of taps with 350 meters installed having a per capita of — 
128 gallons. The City of Boston with no restrictions and practically 


1 National Representative, Pittsburgh Equitable Meter Company, Pitts- _ 
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the same as and the same num- 
ber of taps at this time showed 102 gallons per capita. 

As early as 1885 we find a number of cities, principally in congested 
sections, working toward a system of universal metering, among 
which were Worcester, Mass., 80 percent metered, Fal! River, Mass., 
66 percent, Pawtucket, R. I., 60 percent, Taunton, Mass., 45 percent, 
Yonkers, N. Y., 58 percent. 

Boston in the early 80’s started a system of overcoming water wast- 
age by inspection and adoption of meters, and as early as 1883 when 
no restrictions were in force was using 102 gallons per capita. After 
the installation of these systems in 1885, it had reduced its per capita 
to 69 gallons with the official statement that this saving had mate- 
rially lessened the pumping, saving in coal alone at one pumping sta- 
tion 35 pereent for the first eight months of that year. 

New York City had this problem to contend with in 1885, and the 
report of the Commissioner of Public Works, December 31, 1884, 
showed the tremendous waste of water by letting the water run from 
spigots day and night, and cites that on an exceptionally cold day, 
December 20, 1884, the water in Central Park reservoir was drawn 
down 5 inches, showing a waste of 13 million gallons on that one day 
over normal consumption. The Commission recommended metering 
as the most effective instrument for stopping this waste, and in the 
year 1885 installed 2,613 additional meters, making the total at that 
time approximately 11,000 meters in use. 

In 1906, Mr. James H. Fuertes, in the report of the Committee 
on the Water Supply for the Merchants Association of New York, 
stated “that it was essential that the waste be stopped and water now 
wasted be utilized.”” He gave as his opinion that universal metering 
immediately would postpone for some twelve to fifteen years the 
necessity of building the second 250 million gallon installment of the 
new additional supply, with a net saving over the cost of ‘metering 
and interest charges of about 2 million dollars per year, or a total 
of from 24 to 30 million dollars. He maintained that, if the city 
was completely metered and wastage was controlled, the capacity of 
the first installment of the new proposed Catskill Water Works 
would be sufficient until 1930, taking into consideration the normal 
growth of the city. Whereas, if this wastage was not controlled, 
the limit would be reached in the year 1918. Apparently for political 
reasons universal metering was not followed. 

The subsequent: of the water show 


an increase 


1462 A. JOHNSON [J. A.W. Wea y 

i 
‘ 

2 


—_— 


yoL. 23, NO. 10] ECONOMY OF UNIVERSAL METERING 1463 


in consumption of water in New York City, and a continuous exten- 
sion and addition to their water supply. 

Again in 1929 when the consumption of water in New York City, 
according to the report of their Commissioner, had reached 
318,842,000,000 gallons per year, it was necessary to look for further 
sources of water and universal metering was again proposed. 

The report of the Committee on Finance on Water Bureau Survey 
of Chicago, April, 1930, quoted the report of the Water Department 
for the year 1928 as follows: The daily pumpage of water was 
978,784,000 gallons. If the city were 100 percent metered and 
estimating an adequate supply to each individual of 100 gallons per 
day, the pumpage for both domestic and personal use would be 
338,500,000 gallons per day, or a saving of 640,284,000 gallons per 
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It is universally understood and agreed, sustained by courts and the funda- 
mental theory of American Government, that it was never intended that any 
service rendering activity, municipally operated for the benefit of the people, 
should be conducted at a profit to the municipality. 

No one will contend that there is any equity or justice in charging in Chicago 
one class of citizens under the flat rate system 1.95 cents per 1000 gallons, and 
another class under the metered system 6.8 cents per 1000 gallons, while actual 
cost of pumping is 4 cents a thousand gallons. The principle of civie justice 
represented by a single rate should apply to all citizens. The theory of equal- 
ity of treatment to all classes of citizens is basic and constitutional and should 
be adhered to. The startling discrepancy between the total receipts derived 
from the 16 percent of metered service and the 84 percent of unmetered service 
is irrefutable evidence of the urgent necessity existing for a readjustment of the 
present plan for disposing of city water. A remedy must be found to relieve 
this acute and dangerous situation of wastage of water, and your Committee 
believes that such a remedy lies in a plan of controlled water supply by means 
of a completely meterized city, the elimination of waste and the burden of up- 
keep borne equally by all water consumers. 

The record shows that over 357 billion gallons of water were pumped in 1928, 
of which only 198 billion gallons were paid for at the metered rate of 6.8 cents 
per 1000 gallons, and 159 billion gallons were left unaccounted for, making a 
net loss of $10,796,243.00 if all water pumped had been metered and sold at 
metered rates. 

The dual system of charging for water at present in effect is unsound, and 
inequitable and under a system of complete control (a completely meterized 
system) an equitable condition will be achieved, each paying only for the exact 
amount of water he takes into his premises. 

The flat rate is basically unsound—honeycombed with inequalities and lack- 
ing the of not nor ever can based upon t the true factor of 
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business and problem of the City Water Works are to transport water from the 
Lake to the premises of the consumer and to deliver it under sufficient pressure 
to enable the users, including those living on upper floors, to get water when. 
ever they need it. 

This problem entails piping, pumping, etc. If the present loss through 
water waste is reduced, less water will have to be pumped and pressure will be 
higher which will mean the difference between water delivered at street levels 
and water delivered upon upper floors where people use it. The elimination 
of unnecessary waste will result in every one in the city having an abundance 
of water at all times. Such a condition has never existed in Chicago, and never 
will until universal metering is put into effect. 


The opponents of universal metering have set up many sentimental 
arguments. An argument has been that if we restrict water, we will 
affect the health of the community. This has proved a fallacy as the 
records of the majority of completely metered cities and towns have 
shown that while they cut down the per capita gallon under a meter- 
ing system, there has been absolutely no epidemic or let-down in the 
public health due to universal metering. 

Mr. Nicholas S. Hill, Jr., one of New York’s most eminent water 
works consulting engineers, said, “Metering water is the only way yet 
found of restricting needless waste. Water is such a cheap commod- 
ity that no one hesitates to use it freely for legitimate purposes—at 
average meter rates paid in this country, a bath costs only 0.7 of a 
cent, and the average family in the United States pays only a few 
cents a day for water.” 

Mr. Hill’s explanation backed by all engineers explodes the oldest 
legend in the way of metering progress; namely, that meters restrict 
healthful indulgence in water and result in increased disease and 
death rates. In eight important cities—Cincinnati, Cleveland, 
Detroit, Los Angeles, Milwaukee, Minneapolis, Newark and New 
Orleans the death rate showed a decline of from 2.3 to as high as 7.5 
percent for each 1000 population after each had been put on a metered 
system from 90 to 100 percent universal. 

Dr. H. N. Bundesen of the Health Department Staff, Chicago, ina 
recent statement said, “The amount of water legitimately used and 
not the amount of water pumped, but subsequently lost through 
waste and leakage is what makes for satisfactory conditions of health 
and sanitation.” Dr. Bundesen advocated metering as a health 
measure and stated that investigation showed that in more than one 
hundred cities where meters had been installed and the water service 
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thereby improved, health conditions had also improved. Statistics 
show that Milwaukee, which is completely metered, is one of the five 
healthiest large cities in the country. 

The main objections to universal metering are either political or 
due to misapprehension of the results which follow universal use of 
meters. Many people believe a meter will unduly restrict the reason- 
able and desirable consumption of water on one hand, and impose an __ 
undue burden of expense upon property owners on the other. Uni- — 
versal metering is the only fair and just means of dispensing water, as — 
the user pays for exactly the water he consumes. The advantages of 
preventing wastage of water are self-evident, and universal metering — 
is recognized as the quickest, most efficient and most economical — 
way of doing it. 

In many cases, it is largely a question of education. Many claim 
that water should be as free as air, but they do not take into considera- 
tion the cost of piping, pumping, filtration, etc. The natural gas 
field is almost an exact analogy; it is practically 100 percent metered. 
Manufactured gas and electricity are sold strictly on a metered sys- 
tem, based on the axiom that the customer pays for exactly what he 
consumes. 

It is a standard custom of all water works companies to meter 
immediately all large consumers such as industries, hotels, apartment 
houses, etc., and records show in cities where metering is not universal 
that the larger part of their revenue comes from the metered con- 
sumers. This custom shows the value of metering. 

All privately owned and operated water companies are completely 
metered or working to that point. Some states have passed laws 
insisting on universal metering. West Virginia in 1913 when the law 
was passed was approximately 30 percent metered, and today is ap- 
proximately 80 percent metered. Statistics show an increasing 
number of cities and towns turning from flat rates to meters, not only 
in the United States, but also in Canada. The saving in pumping, 
filtration and operating costs of same and additional equipment, 
without figuring on the possibility of a shortage of water, are also 
very important factors for discussion under this heading. 

Records show that, with a fair meter rate, the consumer actually 
saves money under a meter system as compared with the flat rate. 

In summary, a few of the advantages of universal metering are that 
wastage of water is quickly and permanently controlled; the city 
saves pumping and filtration expenses, and, in many instances, the 
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cost of additional equipment, although the city increases in popula. 
tion; it is the only just means of distributing water, and finally, it jg 
significant that there is no case on record where a city having once 
been metered, returned to the flat rate. 

Loran D. Gayton (Chicago, Ill.): I wish to compliment Mr, 
Johnson upon his very fine paper. It indicates an extensive knowl. 
edge of the subject, and a great deal of care in its preparation by the 
author. 

In several instances the author refers to the City of Chicago and, 
therefore, I am grateful for the privilege of making some small 
comment. 

No doubt you are all aware of the fact that a few years ago an 
attempt was-made to bring about universal metering in Chicago. It 
was not a success, and I feel that to a certain extent the engineers 
who handled that matter were somewhat to blame. I think they 
overlooked the psychology of the matter, the human side of the 
thing. They first metered a section of the city inhabited by some 
of our poorest people, the section of the city where the waste of water 
was greatest. Many of the residents in this section were so poor that 
they could not afford to put their plumbing in proper shape, and on 
the other hand they could not pay the high water bills which were 
submitted after the installation of meters. In many cases, where the 
bills were not paid, the officials were compelled to shut off the water, 
and this often resulted in hardships. The result of all this was that 
there was a tremendous hue and cry against meters and the idea of 
universal metering was dropped. 

It is my understanding that when the City of Detroit inaugurated 
universal metering they did consider the psychological side of the 
matter and started by metering the high class residential section first. 
Then they gradually worked through to the poorest sections, and by 
the time they reached them the people were educated to the value of 
metering, they had put their plumbing in proper condition, they were 
prepared for meters mechanically and mentally and there was no 
objection. 

If universal metering is to ever be successfully carried out in Chi- 
cago, I believe it must be handled in the same way that it was in the 
City of Detroit. 
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Another thing that must be kept in mind is the fact that the deci- 
sion as to whether or not universal metering is to be a reality is left to — 
the elective officials. These elective officials are in close touch with - es 
their constituents at all times. Naturally they are anxious to carry 
out the wishes of those constituents. These elective officials lace 
be expected to vote for universal metering until such time that their — 
constituents are in favor of it. There must be a campaign of educa- 
tion, therefore, as to the value of metering carried out in order to put 
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THE PITTSBURGH WATER WORKS AND ee 


ZONING 2 fib aries: 


teed By JAMES H. KENNON! az: + 


The City of Pittsburgh is blessed with an unfailing source of 
abundant water supply. Its location in the water shed of three con- 
siderable rivers insures that advantage. Nature, however, in return 
for this favor, has exacted certain penalties that do not exist com- 
monly, at least not to the same extent, in most American cities. Our 
purification problem is discussed at some length by Mr. Drake, and 
it is my purpose to present the manner in which the Pittsburgh 
waterworks has solved the problem of distributing water over the 
rugged topography which characterizes our city. 

Pittsburgh, like the Gaul of Caesar’s time, is divided into three 
parts. The old City of Pittsburgh, known as the Central City, lies 
between the Allegheny and Monongahela rivers and developed east- 
wardly from the lower areas at the junction of these rivers to the 
East Liberty plateau. The North Side, the former City of Alle- 
- gheny, lies North of the Ohio and Allegheny rivers and developed 
from the rivers back into the higher areas. The South Side, South 

of the Monongahela and Ohio rivers, likewise developed first along 

the rivers gradually extending back into the South Hills. 

As a result, the city is situated on many plateaus and hills sepa- 
rated by numerous valleys from 100 to 400 feet deep. 
The highest point in the city is less than 2 miles by air line north- 
east of the Ohio river and is 670 feet higher in elevation than the 
river. There are within the city numerous points on both sides of all 
three rivers that reach an elevation of 400 feet above the river in a 
_ distance of not more than } mile and several points attain a height of 
feet within this 

The water systems of the North Side and the South Side were 
_ developed independently of the water works of the Central City. 
The water plant of the North Side was merged with that of the Cen- 
— tral City in 1907 when Pittsburgh and Allegheny were consolidated. 


* Managing Engineer, 


r, Bureau of Water, Pittsburgh, Pa. 
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The South Side was supplied by the Monongahela W 
until 1908 when its system was purchased and combined with the 
Pittsburgh water works. The sources of supply of the North Side 
and the South Side water works were abandoned and the source of — 
the combined Pittsburgh Water Works is now concentrated at one 
point on the Allegheny river, about one mile above the Borough of 
Aspinwall. Thus,the present water system is the outgrowth of three © 
independent systems. 
The entire supply of 120 million gallons per day, is pumped by the ~ 
Ross station to the Filtration plant, from which it flows by gravity to 
theFiltered Water reservoir. From there the Aspinwall station pumps _ 
to the Lanpher reservoir, and the Brilliant station pumps to High- — 
land No. 1 and Highland No. 2 reservoirs. Lanpher and Highland — 
No. 2 reservoirs provide storage for the Low pressure zone, which © 
comprises all areas between the elevations of 696 and 900 feet, in the 
Central City, North Side and South Side. It is the only zone which — 


extends to all three parts of the city, the three districts being inter- “ae 


connected by three under-river mains and two twin lines supported 
on bridges. Highland No. 1 reservoir supplies a zone in the Central 
City between the elevations of 900 and 1020 feet. 

The Herron Hill station pumps water from Highland No. 1 reservoir 
to the Herron Hill and Bedford reservoirs which supply the Herron — 
Hill and Bedford zones, respectively, in the Central City. The 
Herron Hill zone includes areas of elevations from 1000 to 1230 feet, 
and the Bedford zone serves an area between the elevations of 920 and 
1030 feet. 

The Lincoln station pumps from the Highland No. 1 reservoir to the 
Lincoln tank which supplies a zone with elevations ranging from 1000 
to 1250 feet, in the Central City. 

On the North Side, the Howard station pumps from the Lanpher 
reservoir to the McNaugher reservoir which supplies an area of 
elevations varying from 900 to 1180 feet. Howard station also has 
booster pumps which pump water of McNaugher pressure to the 
Brashear reservoir, the highest storage unit of the entire system, 
serving a zone with elevations from 1180 to 1350 feet. 

On the South Side, the Mission station pumps from Highland No. 
2 reservoir to the Allentown tanks, supplying areas between eleva- 
tions of 900 and 1260 feet. 

The ruggedness of Pittsburgh’s topography is reflected in the 
e various pressure zones. The most 
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JAMES H. KENNON 
unusual feature being shown on the North Side where the Brashear 
zone, the highest in the city, almost meets the low zone and, thus, 
nearly dividing the intermediate McNaugher zone into two separate 
districts. On the South Side, the Allentown zone is divided by deep 
ravines into three segregated areas; and in the Central City, the 
Herron Hill zone comprises four, widely separated, segregated 
districts. 

It is evident that a community having differences in elevation of as 
much as 670 feet cannot be served with a single pressure zone without 
having exceedingly high pressures in some parts of the system, to say 
nothing of the energy waste of pumping the entire supply to the 
highest elevation. Of course, booster pumping and pressure zoning 
is not uncommon, but our peculiar topography and location has made 
it necessary, or at least advisable, to subdivide our territory to a much 
greater extent than would ordinarily be required. 

Whereas the difference in elevation within our city would ordinarily 
call for two or at most three pressure zones, its subdivision by rivers 
and minor stream valleys, together with the manner in which the com- 
munity grew, have so influenced the development of the waterworks 
that it now has eight pressure zones. The eight distribution piping 
systems are inter-connected for emergency use, of course, but nor- 
mally, they are operated independently. 

Each pressure zone has its own storage reservoir or tank into which 
the water is pumped and from which it is fed by gravity through the 
distribution system of the zone which it serves. 

This multiplicity of pressure zones, of course, has its advantages 
and disadvantages. 

It limits distribution pressures to reasonable values and thus pro- 
longs the life and decreases the maintenance costs of piping and 
plumbing. This is a prime consideration. It also enables an exten- 
sive area to be so subdivided that head losses in distribution piping, 
during fires or other times of maximum flow, may be minimized, thus 


depends somewhat upon the relative location of the distribution terri- 
tory and the high point available for the location of the storage unit. 
In general, however, shorter distribution feeders are obtained, if the 
territory is subdivided to a greater extent. 

The energy cost is, of course, very considerably reduced by the sub- 
division into zones. Two of our primary reservoirs, Lanpher and 


making the system effective against fire hazards. This, of course, 


vi 
Ic 
| 
t 
tren 
ag 
Woah 
) 
4 
Ben 
= 
j 
a Highland No. 2 ut approximately the same elevation and 100 f 


10] "PITTSBURGH “WATER 


lower than Highland No. 1. The pumpage to the two lower reser- 

yoirs is approximately 70 millions of gallons per day. Computed on — eae 
the basis of 7 mills per kilowatt hour for electric current, the annual - 
cost of pumping this 70 millions of gallons per day 100 feet higher ; 
would be about $70,000.00 It is true that a small part ofthis would 
be reclaimed from secondary pumpage, but it is believed that addi- > 
tional pipe line leakage, to say nothing of maintenance costs, due to 


While the system is favorable to low power costs, on the other hand, 
the capital charges incident to this subdivision of the distribution 
system and duplicate pumping facilities are relatively higher. 

In order to provide duplicate distribution feeders into high districts — 
and pumping mains for the secondary pumps a large duplication of , 
pipe lines is required. A hasty calculation of duplicate feeder mains : 
alone indicates that the Pittsburgh waterworks has more than one 
million dollars invested in mains carrying water through districts at 
pressures either too high or too low for satisfactory service, in order to — 
serve other pressure zones across a valley or beyond a hill. 

In one case, a 50-inch steel feeder pipe line 6 miles long delivers 
water to the South Side from Highland No. 2 reservoir. Approxi-— 
mately 5 miles of this line are through a higher pressure zone where no 
distribution can be made from the 50-inch line. This, of course, does — 
not mean that the 50-inch line is not giving effective service, but it | 
does mean that the higher district is covered with a duplicate feeder _ 
system where a small increase in size and cost of the South Side 
feeder could serve the district, also, if it could be served from the 
same reservoir pressure. 

Regardless of the economics of the case, however, itisan unfortunate _ 
fact that the highest land is limited in areas so that, in order to have © 
adequate reservoir storage capacity for the protection of the city, it 
was necessary to locate the storages at such elevations as nature — 
favored with sufficient area for a reservoir site. 


considerations into the design of waterworks extensions. 
As the city grows and extends its territory it is often found advis- — 
able to make revisions in the pressure zone boundaries. This need — 
must be kept in mind in extending the piping system. 
The Bedford zone in the Central City could now be dispensed with 
to advantage, except for the limitations set up by the distribution pip- 
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ing which was laid out to be served by an old reservoir and would 
require extensive and costly revisions to make it possible to eliminate 
this old pressure zone. 

The probability of rezoning also lends added weight to the poliey 
of using only one class of cast iron pipe. The principal reason for the 
_ adoption of this policy, of course, was the unsatisfactory experience in 
keeping various classes of cast iron pipe in the yard separated so that 
light weight pipe would not be used by mistake in repairing lines sub- 
_ ject to heavy pressures. An added advantage to the one class policy 
was found, however, in 1928 when the boundaries between the upper 
zones on the North Side were changed in placing new storage reser- 
voirs in service, in such a manner as to eliminate one old pressure zone 
and thus release a 24-inch duplicate line for a pumping main as well 
as serve the district more adequately. In the course of effecting this 
redistricting, pressures in some pipe lines were raised as much as 50 
pounds without any breaks or leaks of consequence. Pitometer leak- 
~ age tests, however, revealed considerable leakage through some of the 
old valves that were closed in the redistricting, but with proper atten- 
_ tion to these valves the leakage was stopped. The possibilities of 
power loss from this source merit careful checking at intervals in 
order to prevent pumping from a low zone into a higher one, only to 
have a considerable part leak back into the low zone through leaking 
valves. 

Another instance of need for rearranging the boundaries of a pressure 
zone is becoming more urgent each year in what is known as the Squir- 
rel Hill district. This high district developed first along the out- 
skirts, and water lines were extended from the Herron Hill pressure 
gone. As the development reached the higher portions and the 
- population became so great as to tax the capacity of pipe lines, the 
customary low pressure trouble developed, more especially since the 
high points in the district were almost as high as the reservoir supply- 
ing that pressure zone. 

Temporary relief will be effected this summer by the installation of 


_ excess pumpage to flow back to Herron Hill reservoir through another 
_ main, thereby boosting the pressures of the high district above static 
As a permanent solution in the near future, it is 
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storage reservoir for the Lincoln zone, of a larger capacity liga at a 
higher elevation than the present Lincoln tank. 

Automatic reducing valves were experimented with in some cases a 
number of years ago in an attempt to avoid duplication of feeders, _ 
but the experience with them was not satisfactory and their use has 
been abandoned in our distribution system. The hazard of excessive _ 
pressures in the system through the failure of an automatic valve to 
reduce the pressure properly is believed to be too great in our system 
where such damage might be extremely heavy due to the large sizes 
and great lengths of pipe upon which excessive pressures might be 
placed. 

Summarizing the experience of the Pittsburgh waterworks as to 
pressure zoning, we recognize the great value of simplicity, but the ; 
nature of our territory is such that a rather complicated distribution 
system is necessary in order to give adequate service at a reasonable 
cost. We believe that the present system with some revisions as 
before mentioned fits the peculiar conditions of the Pittsburgh dis- 
trict in a reasonably successful and satisfactorymanner, > 
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EFFECT OF ACID MINE DRAINAGE ON RIVER WATER 
SUPPLY 

By C. F. Draxe! 


In 1929, there were 475,314,000 net tons of bituminous ‘coal pro- 
duced in the United States, according to the U. 8. Bureau of Mines, 
The value was $990,175,000 at mine. Of this, table 1 shows the 
percent produced by various states. 

From table 1, it is evident that the problem of mine drainage and its 
effect upon water supply is of no little importance in the general 
vicinity of Pittsburgh, at the present time. It should not be assumed, 
however, that all other portions of the country are to be permanently 
free from such a problem. 

Table 2, published by the United States Geological Survey, may 
be of interest. 

As all of the anthracite coal mined is from Pennsylvania, and asthe 
anthracite produced in Pennsylvania amounted to 72,985,844 net 
tons in 1929, we shall dismiss the anthracite problem as one of only 
local interest. 

In 1918, Pennsylvania appears to have reached its maximum 
annual production of bituminous coal, which amounted to 178,551,000 
net tons. In 1930, that figure had fallen to 123,417,850 net tons, 
with an estimated value of $250,000,000 at the mine. There were 
approximately 1040 mines in active operation. Of this, approxi- 
mately 45,000,000 tons were produced on the Allegheny River water- 
shed, the source of water supply for nearly all of the City of Pitts- 
burgh. It has been estimated by S. A. Taylor, that approximately 
6,312,000,000 tons of bituminous coal have been mined out, in Penn- 
sylvania, prior to January 1, 1931. It has been further estimated 
that 43,000,000,000 tons are still recoverable. Taylor prepared the 
data in table 3, showing bituminous coal conditions in the various 
counties of Pennsylvania, in 1924. 

The first written reference to the presence of acid mine drainage in 
public water supply appears to be that of Allen Hazen to the Pitts- 


! Division Superintendent, Pittsburgh Filtration Plant, Aspinwall, Pa. 
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burgh Filtration Commission, January 8, 1899, in which he states: 
“The Monongahela River is said to become acid at times, although it 
has not done so during the period covered by our analyses” (Year 


ending July 31, 1898). 


TABLE 3 


Bituminous coal reserves in Pennsylvania, 1924 (short tons) 


ont 


COUNTY MINED GUT RECOVERABLE 
969 , 200,000 1, 486 , 900,000 
107 , 290,000 2,491, 100, 000 
1,400,000 560,000, 000 
11,900,000 25,000 ,000 
300 , 000 19,000,000 
30,000,000 2, 300,000,000 
466, 900,000 3, 638 ,080, 000 
100,000 20, 000,000 
60,000 , 000 184,000,000 
37 ,000, 000 1,059 000,000 
308 , 210,000 2,165, 400,000 
5,000,000 44 000,000 
27 ,000 ,000 297 , 000,000 
299 , 200 ,000 4,288 , 700,000 
180,000 ,000 1, 900 , 000,000 
187 , 384,000 3,986, 900 ,000 
5,519,665,000 | 43,830, 860,000 


In 1898, West Virginia produced 16,700,000 tons of bituminous 
coal, while 138,015,000 tons were produced in 1929. 
In 1898, Pennsylvania produced 65,165,000 tons of bituminous coal, 
while 142,351,359 tons were produced in 1929. 
In 1905, a very considerable number of fish were killed in the Alle- 


gheny River, below the Kiskiminetas River. 


No results of chemical 
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analyses are available, but it is of interest that the output of bitumi- : 
nous coal in Pennsylvania rose from 98,000,000, in 1904, to 118,500,000 — 


net tons in 1905. a 
In the Annual Report of Pittsburgh Bureau of Water for 1909, is _ 


the following statement: 


“On August 19, 1909, there were many dead fish in the Allegheny River at 


Aspinwall. Believing it to be caused by acid water, we made examinations to a 3 


determine the source. We tound alkaline conditions all along the River, but 


the Kiskiminetas River and tributaries were found to be distinctly acid in most _ 


instances. Having frequently heard that steel mills and other industrial. — 
works were the cause of dead fish and acid water, we paid especial attention to _ 

the wastes from the Cambria Steel Co., Johnstown. We found no acid condi- 
tions in any instance. Following are some of the points where we did find acid 


water: 


Acid, p.p.m 

Stoney Creek, above mouth of Little Conemaugh... .... 
Clapboard Run, near Little Conemaugh....................... 159 
Saxman Run between Loyalhanna and Latrobe................ 85.7 
Loyalhanna Creek below Saxman Run........................ 257.0 
Loyalhanna Creek above Saxman Run........................ 48.0 
Paint Creek at Paint Creek Station.......................445 172.0 
Stoney Creek above mouth of Paint Creek.................... 3.0 


“Study of these figures and a careful investigation of the drainage areas lead 
us to believe that coal mine wastes and culm banks are the real source of the 
acid condition of the Kiskiminetas River. 

“As the coal mines appeared to be the cause of the acidity of the Kiski- 


minetas, we made other analyses: . mor 

Allegheny River, south side, above Kiskiminetas........... 33 a "ae 
Kiskiminetas Creek at Kiskiminetas Junction.............. 66Acid 
Allegheny River, north side, opposite Kiskiminetas......... 53 Alk. 
West Shore of Kiskiminetas, above Leechburg.............. 52 Acid 
Kiskiminetas River opposite West Apollo................... WAcid 
Beaver River at West 43 Alk. 
Kiskiminetas River above Beaver Run..................... 45Acid 


“Tt is believed that these results tend to show that the Kiskiminetas River 
has an acidifying effect upon the alkaline waters of the Allegheny River.” 


This territory was covered carefully, in 1930, in conjunction with 
the Sanitary Water Board of Pennsylvania. While the feature of 
industrial waste has entered more prominently into the problem, the bes 
presence of excessive quantities of acid mine waste was marked. 


es: 
hj 
It 


F. DRAKE 


The of the Flood Commission was published jn 
1911. Following is quoted from that report: 


“Reduction of Acidity by Dilution. Both the Allegheny and Monongahela 
Rivers receive large amounts of coal mine drainage. There are about 450 coal 
mines on the Allegheny Basin and 560 on the Monongahela Basin, 150-of which 
are in West Virginia. In spite of the considerable amount of mine drainage 
emptying into the Allegheny, especially from the Kiskiminetas, the water of 
the main stream, in its lower course, has been practically always alkaline . . 

‘The Monongahela River, on the other hand, owing to its smaller discharge 

. . . and on account of the greater coal mining development in its basin, 
is is highly acid.”’ 


In 1914, the United States Engineer Office, of Pittsburgh District, 
made a very exhaustive study of the acid conditions of the streams in 
the vicinity of Pittsburgh. This investigation was conducted largely 


‘TABLE 4 

Production of bituminous coal in short tons ee 
YEAR PENNSYLVANIA UNITED STATES 
40 884,000 111,302,000 
1895 51,818,000 135, 118,000 
79, 318,000 212,316,000 
1905 119, 362,000 315, 259,000 
BB 1910 148,771,000 417,111,000 


by Colonel T. P. Roberts, Assistant Engineer, assisted by A. F. 
Hoffman. Their findings were never published; but Professor C. M. 
Young, who was associated wth the work, as a specialist, prepared a 
paper published in the May, 1921, number of the Journal of the 
American Water Works Association. Mr. Young wrote as follows: 
“The contamination of surface water with waste products of indus- 
trial activity is undoubtedly greater in Pittsburgh industrial district 
than anywhere else in America. . . . . Most of the acid comes 
from the drainage of coal mines. fi 

In 1915, the Pennsylvania Denerineni of Health published a 
“Report on the Sanitary Survey of the Allegheny River Basin,” made 
under the direction of Dr. F. Herbert Snow. This report included 
the data in table 4. 

In this connection, Pennsylvania appears to have reached its peak 
of bituminous production in 1918, when 178,551,000 short tons were 
produced. In 1930, there were produced 123,417,850 net tons of 
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bituminous coal in Pennsylvania. Of this, approximately 45,000,000 
tons were produced on the Allegheny River watershed, the source of 
water supply for the greater part of Pittsburgh. In 1907, there was a 
production of 43,671,000 tons in the same basin. Of this, 27,927,000 
was from the Kiskiminetas River basin. 

The report of 1915 states that there were 724 bituminous coal 
mines on the Allegheny River watershed, distributed as follows: aadh: 


The report further states: ‘“The Allegheny River water is tending 
toward acid condition. The alkalinity is decreasing, owing to the 
method of disposal of coal mine wastes on the Allegheny Basin. It 
was apparent to the State Department of Health, in 1908, when the 
Commissioner of Health issued the decree previously quoted, that the 
time was not far distant when the City would be forced to apply 
chemicals to the waters of the Allegheny River, to neutralize the 
acidity in connection with the filtration of the public water supply and 
to assist in preliminarily clarifying the water.” 

In the fall of 1911, Colonel T. P. Roberts presented a paper entitled 
“Acids in the Monongahela River” before the Engineers’ Society of 
Western Pennsyivania. In discussion, J. R. Campbell, Chief Chem- 
ist, H. C. Frick Coke Company, outlined methods of treating acid 
mine waste, with the recovery of by-products. 

In February, 1921, L. D. Tracy presented a paper ‘The Calumet 
Neutralization Plant of the H. C. Frick Coke Co.” before the Amer- 
ican Institute of Mining and Metallurgical Engineer. This paper 
may be found in Volume 66, Trans. A.I. M.& M.E. It gives a very 
interesting description of the plant at Calumet Mine, Westmoreland 
County, Pennsylvania, to prepare mine water of high acidity for use 
in boilers at that mine. 

In August, 1922, the well-known case of Mountain Water Company 
vs. Sagamore Coal Co., et al. in Equity, 1921, Fayette County, 
Pennsylvania, was heard in Uniontown, Pa. The Pennsylvania 
Railroad Co. and the Dunbar Water Supply Co. were on 
and twenty-eight coal companies were co-defendants. 
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On Devewhes 26, 1922, the verdict was eanuiienil! in favor of the 
coal companies. The case was appealed to the Supreme Court of 
Pennsylvania, and on September 29, 1924, an opinion was rendered, 
holding that the lower Court was in error in holding “that to consti- 
tute a public use of water it must be taken under the right of eminent 
domain,” and “that the defendants had no right of any kind to drain 
the mine waters into the streams, considering the public use which is 
made of its waters, and that their doing so, constitutes a nuisance 
which must be restrained.” 

The defendants were enjoined from “discharging, pumping or 
causing or permitting to flow or to be discharged, any drainage of 
mine water from their mines, and from mines of each of them, into 
the waters of Indian Creek, or its tributaries, above the dam of the 
Mountain Water Supply Company, after the expiration of six months 
from the date of the entry of the decrees. It is further directed that 
defendants shall pay the costs.” 

The Supreme Court of the United States refused to consider the 
case, upon petition of the defendants. 

In June, 1922, W. W. Hodge, West Virginia University, wrote 
“Report on Study of Morgantown Water Supplies.” Following is 
from that report: 


‘‘With the ever increasing development of West Virginia as a mining and 
industrial State, the question of suitable water supplies for institutions, city, 
and factory purposes becomes of great importance. We have about reached 
the point where the citizens of the State must decide whether the larger rivers 
are worth more to the common welfare as carriers of city sewage and industrial 
wastes or as sources for city water supplies and for recreational purposes. It 
seems probable, since the continued growth and prosperity of our common- 
wealth depends so largely on the success of the mining and manufacturing 
industries in the State, that our large rivers will be most valuable for the first 
purpose mentioned, and that the cities will have to look to other sources for 
their supplies of potable water.’’ 


In February, 1923, Coal Mine Management published a paper 
entitled ““The Pollution of Streams by Mine Drainage,’ written by 
C. P. Collins, Consulting Engineer, West, Virginia. 
Collins wrote in part as follows: Hegueny. td 4 ots 


“It is becoming very apparent that the sources sof | pure water supply i in ‘the 


coal regions are being rapidly destroyed by the drainage from coal mines, and 
that very few streams in their pristine purity are now available. Furthermore, 
although the drainage from coal mines may not be considered as strictly pre)- 
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udicial to public health, yet it must be admitted that any water supply receiv- 
ing such drainage must finally be rendered unfit for either domestic or indus- — 
trial use; the time required to accomplish its destruction being dependent upon _ 
the character and amount of mine drainage, and the neutralizing capacity of 
the natural waters. Many streams which a few years ago were admirable 
sources for water supplies are now running red with drainage from coal mines, 
and their value for either domestic or industrial use is completely destroyed. 

“That the continued destruction of mountain streams by mine drainage is _ 
presenting @ very serious situation in the coal regions is self-evident; the life 
of the public is dependent upon them, for these natural arteries of pure water 
carry the very life blood of the community. 

“The question as to how this serious problem is to be solved must soon becon- — 
sidered by the authorities of all states wherein the mining of coal is prosecuted. 
The great industry of coal mining must go on; human life depends upon an ade- 
quate supply of pure water. With these vital interests in mind, how shall the 
problem be equitably and efficiently solved?” 


In conclusion, Collins said ‘There is no hope for relief until legisla- ee 
tion in the states where coal is mined is enacted and enforced, to regu- 
late the discharge of mine drainage into the streams of such states. 
However, we cannot expect that any state will pass such an act 
until an approved and efficient method of treating mine drainage is 
offered.” Collins suggested that the Department of Sanitation, 
Bureau of Mines make an exhaustive study of treating mine drain- 
age, so that it may be discharged into streams without dangerous — 
results. 

His paper included analyses of mine drainage collected near Johns- 
town, Pa., in August, 1920, which analyses were made by E. C. Trax. 
It also included a detailed description of the treatment plant at 
Calumet mine, and a suggested plant for the treatment of mine 
drainage. It is believed that a plant in accordance with Collins’ 
suggestions has never been built. 

In 1923, the Sanitary Water Board of Pennsylvania was created in 
the Department of Health by the Administrative Code. In this 
Board is vested the administration of the statutes relative to sewer- _— 
age, the discharge of sewage and of substances detrimental to fish 
life; and the board is clothed with investigatory powers. The two 
most important basic policies of the Board are classification of 
streams, and co-operation, instead of antagonistic, arbitrary law 
enforcement. | 

This Board has recently published a report on the treatment of 
tannery waste, setting forth the result of co-operative work between _ 
the State and the industry. It is known that they have been actively 
engaged in the study of mine and other industrial wastes.§ 


of 
red, 
ent 
rain 
ig 
? 
nee 
or 
of 
nto 
the 
ths 
lat 
he 
is 
d 
n 
ed 
rs 
al 
1- 
g 
7 
st 
r ite 4 f, 
| 


Cc. F. DRAKE 


In the Report of the Sanitary Water Board, 1929,the Chairman, Dy. 
Theodore B. Appel, wrote: ‘‘A very large part of this latter mileage 
(Class C streams) is polluted by coal mine drainage fields. Thus fay, 
there is no practical and reasonable process known anywhere in the 
world, whereby acid coal mine drainage can be rendered satisfactory 
for general use.” 

The Chairman quotes from a report of the U. S. Army Engineers: 
“Frequently, on account of the results reliably or otherwise reported 
to have been attained, the plan employed in Germany has beep 
referred to as a model. Yet, when a member of the Pennsylvania 
State Sanitary Water Board, in recent years, attended a convention 
assembled in Germany to discuss such problems, the Germans pressed 
him for information of satisfactory methods of disposing of acid mine 
water, an unsolved problem of stream pollution, important at home 
as well as abroad.” 

“Pennsylvania’s Health,” published by the Pennsylvania Depart- 
ment of Health in December, 1929, has a paper “The Work of the 
Sanitary Water Board” by Dr. Appel. It reads, in part, as follows: 


“Coal Mine Drainage. Probably the most serious industrial pollution of 
Pennsylvania streams is due to the drainage from coal mines. Under existing 
law and Supreme Court decisions, only in special cases can the Board, by legal 
action, prevent the discharge of mine waters into our streams, one reason for 
this being that there is no known reasonable and practicable method for treat- 
ing acid mine waters to produce a satisfactory resulting water. 

“Europe, despite popular belief to the contrary, has not solved this problem, 
and neither has the Board. But it has taken a step which has already bene- 
fited our streams, and which is going to prove the most practical step which has 
yet been taken in this problem. The principal operators in the bituminous 
coal field and the Board have entered into an agreement under which, by co- 
operative action, the drainage from existing mines will be concentrated or 
diverted where practical, and new mine openings and points of drainage will 
be so located and new coal fields so developed as to confine the pollution by the 
mine water to the minimum practical mileage of streams which will be for the 
present allocated to the carrying of mine wastes, the other tributary streams 
being restored to normal condition insofar as practical. 

“Already one public water company’s supply which was threatened, and for 
which legal action would have brought little redress, is being protected. 
Another supply which seemed beyond redemption by either legal or physical 
means will be restored to a natural condition by the codperation, under the 
agreement, of two large coal companies neither one of which ever was or will be 
in any wise responsible for the pollution; and operations are in progress looking 
for the ultimate restoration of the South Fork of the Conemaugh River. A 
number of streams already have been restored by diversions. Streams in 
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against existing or threatened pollution. The agreement F 
force since November (1929), but the progress already made is the best proof of _ 
the manifold benefits which may be expected from it.” 


In January, 1926, U. S. Bureau of Mines issued a report, Serial No. 
2725, entitled “Stream Pollution by Acid Mine Drainage,” by R. D. 
Leitch, Associate Chemical Engineer, Pittsburgh Experiment Station, 
Bureau of Mines. This paper called attention to the use of limestone — 
or marl. It further told of the recovery of iron oxide for use in gas 
purification and the manufacture of certain kinds of paint. It stated 
that 96 water supplies in Pennsylvania were affected by acid mine 
wastes, in 1921. In conclusion, Leitch said: “For mine drainage 
wastes, the only solution is neutralization by some means. This may 
or may not result in recovery of salable by-products. . . . . Un- 
doubtedly further work should be done, as there are no data available 
except for more or less limited or local conditions.” | 

The Mining Congress Journal, July, 1926, published on account of 
the Annual Meeting of Practical Coal Operating Officials, which 
meeting was held at Cincinnati, May 25, 1926. Samuel A. Taylor, 
president of the American Institute of Mining and Metallurgical 
Engineers, presided. Mr. Taylor said in part: “Some of the mines 
which are exhausted, especially around Pittsburgh, are still pouring 
out water that is very much more acid than the water coming from 
the mines that are in operation. I know of a recent case where the 
whole works was dammed up, to prevent water getting into a stream, — 
but it finally seeped through and was much worse than it would have © 
been if they had not kept it under control.” 

At the same meeting Andrew B. Crichton, Consulting Engineer, 
Johnstown, Pa., read a paper entitled ‘Relation of Drainage from 
Mines to Stream Pollution.”’ Mr. Crichton said, in part: 


“After several years of study of this problem, I feel safe in saying there is 
now no known satisfactory solution of this problem or method of treatment of 
acid mine drainage. If it could be treated satisfactorily and the water be made | 
fit for use at a cost of a few cents per ton, as claimed by some Government 
officials, it would certainly not be objected to by the coal industry, once they 
learned the need for preserving our fresh water supplies. 

“In an article on this subject in 1923, I made the statement, since widely 
quoted, that of the 7000 square miles of coal on the drainage area above Pitts- 
burgh, only 400 square miles had been mined out. If mining but 6 per cent of 
the coal has made the flow from that entire area acid during a good part of the 
year, it will be but a comparatively short time until the stream is acid all the Ss 
year, and eventually it will be totally destroyed beyond recovery. oman 
sida) 
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“At present, the total quantity of mine drainage is small as compared with 
the total stream flow in our rivers, so that the natural alkalinity of the fresh 
water neutralizes and renders harmless large quantities of mine drainage. 

“One gallon of the average mine drainage will destroy the natural alkalinity 
of 80 to 100 gallons of fresh water. 

‘Practically all mine drainage is acid. Of over 300 mines examined in Cen. 
tral Pennsylvania, only 4 were found to produce alkaline drainage. 

“In the Indian Creek case, there was a great deal of testimony introduced 
regarding the treatment of mine water, and there was no material disagreement 
that continued pollution by mine drainage would eventually utterly destroy 
the stream and render it unfit for any use. When a water supply contains 4 
grains sulfate per gallon, it would require softening, and when the pollution 
exceeded 12 grains sulfates per gallon, treatment was no longer effective, be- 
cause it required the introduction of so much soda ash the waters were so 
heavily charged with solids as to cause foaming in the boilers. 

‘The neutralization of acid mine water by the introduction of lime does not 
make the water fit either for domestic or industrial use. This matter was 
cleared before the Court and was undoubtedly the reason for the decree that 
the mine waters be kept out of the stream. 

“The average total acidity from numerous determinations of mine water in 
Central and Western Pennsylvania is 80 to 100 grams per gallon. The cost to 
neutralize such water has been variously estimated by different chemists at 
from 15 to 25 cents per 1000 gallons. 

“The cost to construct a plant for lime treatment would be about $100.00 per 
1000 gallons daily capacity, or from a million gallon plant, $100,000.00. 

‘*From measuring the flow of mine drainage and comparing it with the coal 
area exhausted in nearly 200 mines in Pennsylvania, we find the average yield to 
be 1000 gallons per acre per day. 

‘‘A recent estimate of the acreage worked out, in the bituminous mines of 
Pennsylvania, based on the total tonnage produced, would indicate a total 
daily production of mine drainage of 750,000,000 gallons. 

‘‘The cost to build lime treatment plants for this enormous quantity of water 
would be $75,000,000. The annual cost of treatment would be $41,062,500 at 15 
cents per 1000 gallons, or $68,437,500 at 25 cents per 1000 gallons. . 

“It will be seen, with an annual production of 120,000,000 tons in the bitu- 
minous fields of Pennsylvania, the cost will be from 34 to 57 cents per ton for 
neutralization, and from 70 cents to $1.00 per ton for softening. 

“In the bituminous fields of Pennsylvania alone there would be 4500 to 5000 
tons daily, or 1,825,000 tons yearly, of sludge to handle. 

“‘This iron oxide may be used for purifying gas and in the manufacture of 
paint, but it has a very limited market, and with such quantities available, it 
would be as common as dirt and without value. To mining men, it would be 
nothing but slimy yellow mud, too thick to pump and too thin to shovel.” 


At the same meeting, James O. Handy, Director, Pittsburgh Testing 
Laboratory, presented a paper entitled ‘“Mine Water Purification.” 
Mr. Handy stated that a typical water analysis from mines in the 
bituminous coal region of Western Pennsylvania is as shown in 
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TAB 
Results in parts per million 
Total acidity, expressed as CaCO 1,487 
Free sulfuric acid, expressed as 


TABLE 6 


Results in parts per million 
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bce Operating results at Melcroft Coal Company 
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RAW WATER TREATED WATER 
Acidity Sulfate | Alkalinity Sulfate 
February 28 to March 6.............. 820 1,700 8 
March 7 to March 13................5 820 1,600 10 
March 14 to March 20................ 890 1,600 7 
March 22 to March 27................ 800 1,600 6 
March 28 to April 3.................. 820 1,600 9 
820 1,600 8 
April 12 to April 17...................} 780 1,500 10 
TABLE 7 
MELCROFT CALUMET 

Dry sludge per 1000 gallons, pounds............... 7 12.5 
2502. 9.4 12.5 
Combined water and carbon dioxide............... 19.0 14.6 
Phosphoric 1.1 


Results in percent, except as noted. 
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He gave the results of operation between February 28 and April 
17, at the Melcroft Coal Company plant, in table 6. 

He stated that the average acidity shown in table 6 corresponds tog 
consumption of 5.74 pounds of 90 per cent hydrated lime per 1000 
gallons. ‘The consumption probably more closely approximates § 
pounds per 1000 gallons. There is some mechanical loss, and some of 
the lime is covered up and does not enter the reaction.” 

“The yield and composition of the dry sludge obtained at Meleroft 
by hydrated lime and at Calumet by powdered limestone treatment, 
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TABLE 8 soda, aah the 

DOLLARS 

Hydrated lime, 3,800 pounds at $0.006....................... 22.80 
4.530... 

Interest and depreciation 15 percent on 40,000............... 16. 50 


Average cost per 1000 gallons $0.1156. 


Handy estimated as follows on costs: 


“On the basis of $12 per ton for hydrated lime containing 90 percent of eal- 
cium hydroxide, each 1000 gallons of mine water having an acidity of 1000 parts 
per million, expressed as calcium carbonate, would require 7.6 pounds, costing 
$0.046, of 90 percent hydrated lime, for neutralization, if 90 percent of the 
applied lime enters into the reaction. 

‘The estimated cost of erection for a 500,000 gallons per 24 hours mine water 
treating plant having the usual tanks, stirrers etc., which were used in inter- 
mittent water softening operations, as of date, November 30, 1925, was $39,960. 

“Operating costs, on the basis of 500,000 gallons of mine water treated per 
day are shown in table 8. 

“(The treatment of acid coal mine water, so that it is no longer corrosive or 
injurious to fish life, or productive of stains on banks of streams, is best carried 
out by hydrated lime. The approximate cost is $0.15 per 1000 gallons. The 
plant for treating 500,000 gallons per 24 hours cost approximately $50,000. 

“‘The yield of iron oxide sludge is from 7 to 12 pounds per 1000 gallons. 

‘“‘The coal mine water is not hardened, but is made slightly softer by the 
treatment. 

‘“‘A careful study of the conditions under which certain coal mine waters in 
every district are purified by natural means will be worth while. 
might have important industrial applications.” 
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> any case, something must be done. At present, but five per cent of the 
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At a meeting of Waterworks Operators’ 
tion, July 15, 1926, Morris Knowles, Consulting Engineer, spoke on 
“Trend of Water Works Development, In Regard to Potability of 
Water.” In part, he spoke as follows: 


“Mine drainage presents a problem on which much has been written and 
said, and can be touched on but briefly here. The question amounts to deter- 
mining which is more important: Coal mining or public water supply. It may 
be that the solution rests in setting aside certain drainage areas to be used 

‘exclusively for the purpose of water supply, and in letting the rest of the 
streams be polluted by mine drainage. This is indicated by the two mine 


“In the Indian Creek Case, the Court found in favor of the water company 


_ simply because, in this particular case, the water was considered more impor- 
= thanthecoal. In the Sanderson case, the reverse was true, the Court find- 


ing in favor of the coal mines as they were considered more important than the 
ater. 


coal fields of Pennsylvania have been mined out, and already many of the 
streams of the state are hopelessly polluted, and more will soon be in the same 
condition. If such is the situation now, some realization is possible as to 
seriousness of future conditions unless something is done, and that in the near 
future.” 


In September, 1928, the U. 8S. Bureau of Mines published a paper, 
Serial No. 2889, “Observations on Acid Mine Drainage in W estern 
Pennsylvania,” by R. D. Leitch, Associate Chemical Engineer. In 
this paper, Leitch states that abandoned workings are known to have | 
given off water of approximately the same quality and quantity up to 3 
at least 15 years after being abandoned. He further states that = ao eee 
has knowledge of an abandoned mine giving off highly acid water a oe 
45 years, with four others giving off highly acid water 35 years after . 
they were abandoned. teas 

In October, 1928, the U. S. Bureau of Mines published a paper, Coes 
Serial No. 2898, Comparison of the Acidity of Waters from Some 
Active And Abandoned Coal Mines,” by R. D. Leitch and W. P. 
Yant, Supervising Chemist, Health Laboratory Section, Pittsburgh 
Experiment Station. a 

In April, 1930, U. S. Bureau of Mines published a paper “Effect of | 
Sealing on Acidity of Mine Drainage,” by R. D. Leitch, W. P. Yant * — 
and R. R.Sayres. The paper states, in part: is 


“The accepted theory of acid formation in coal mines, with the subsequent _ =] tS ee 
appearance of the acid in coal mine drainage, is oxidation of iron pyrite and ee 
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subsequent solution and hydrolysis of the iron sulfate formed. It has also 
been fourid that the gobbed sections and worked-out areas, where there is 
usually an abundance of iron pyrite-bearing materials in contact with air, are 
the sections that make the most important contribution to the quantity of acid 
drainage. It would thus seem obvious that, if oxygen can be kept out of con- 
tact with the acid-forming materials in the sections mentioned, the amount of 
acid in coal mine drainage could be reduced markedly, and corrosion problems 
with mine pumping and general stream pollution mitigated thereby.”’ 


In September, 1930, there was presented before the Coai Division, 
American Institute of Mining and Metallurgical Engineers, at their 
Pittsburgh meeting, a paper entitled ‘‘A General Review of the 
United States Bureau of Mines Stream Pollution Investigation,” by 
Sayres, Yant and Leitch. The paper, in part, is as follows: 


‘In 1924, the United States Public Health Service was requested to under- 
take a special study of stream pollution. At that time, the United States 
Bureau of Mines was asked to take up the study by the Public Health Service, 
because the training and experience of the personnel of the latter was consid- 
ered not to be as well suited to this type of investigation as that of the Bureau 
of Mines. 

‘‘Along with mine-drainage wastes, the problem of gas-house and coke-oven 
waste was investigated in the laboratory and a method of treatment by sodium 
hydrate and benzol was found to be promising. 

“It is commonly supposed that coal mines give off acid-waste waters. Gen- 
erally speaking this appears to be true, but at least one large and important 
coal area has little acid drainage. 

“‘Some time ago, it was learned that a mine in the Thick Freeport area had 
no acid water. The main field of the Thick Freeport bed is in Allegheny 
County, an area roughly rectangular in shape and about 11 by 17 miles in 
extent. 

“Sealing Mines. During other work, we have observed many abandoned 
and caved mines, or otherwise sealed, from which effluent water was either not 
acid at all or only slightly so. 

“Fish. In many ways a consideration of the effect of acid-mine drainage on 
fish has no place in this discussion; at the same time, and realizing the presence 
of many sportsmen in the mining industry, it has been thought of enough 
interest to include references thereto. Also, various organizations of sports- 
men have naturally the greatest interest in mitigating stream pollution in 
general and at present, mine drainage in particular. 

“There is a general lack of knowledge on just how fish are affected by acid 
drainage or how much can be tolerated by them. Private communications 
from Fish and Game Departments of several States, the United States and 
Canada, are in general agreement that more than 4 parts per million of mineral 
acids will kill trout, and that this fish is less resistant to pollution than any 
others. Carp and “‘bull-heads”’ are most resistant, with so-called game and 
pan fish occupying various places between these extremes. A lack of oxygen 
can and does kill fish as well as direct toxic effects of the polluting substances. 
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“Laboratory experiments have shown us that about one volume of water | 
having an acidity of 1000 parts per million caused by the addition of ferrous _ 
sulfate, can reduce the dissolved oxygen saturation value of from4to 5 volumes _ 
of pure water to zero. Field observations have shown that entry of mine — 
drainage into a stream having an oxygen saturation value of 40 percent can 
reduce the whole to a value of lower than 30 percent. za 

“Although rapidly flowing streams can quickly build up a reduced oxygen 
value if uncontaminated further, the temporarily lowered value may kill fish. — 
Our work has shown that fish are most likely killed due to the irritating effect _ 
of acid on the gill follicles, rather than any lack of oxygen, however. 

“It has been shown by Wells, Forbes & Richardson (Illinois State Labora- 
tory Natural History, Vol. 11 and 13, 1927, 1918, 1919) that deposits on the 2 
bottoms of streams as a result of previous pollution of various kinds, inhibits — 
fish propagation due to a disturbance in egg laying, even though the water ; 
alone may be entirely suitable. It is problematical, therefore, whether the _ 
purification of streams once polluted will make them suitable for fish life for an of 
indefinite period. . 

‘Mines Ordered Sealed. A few of these mines so sealed (Indian Creek) have _ 
been visited at intervals by one of the writers to see whether the water con- = 
tinued to flow therefrom, and if so, whether the acidity and volume decreased. _ 
Of the 8 noted, sealing seems to have resulted in completely stopping the water 
after a period of 4 years from three of them, and in two others, at least in the 
dry season. In the remainder, the volume of water seems to have decreased — 
markedly and in those from which water issues from behind the seals, acidity _ 
has markedly decreased... . . 

“Effect of Outside Gob Piles. Outside gob piles are believed to be an impor- — 
tant contributing factor in the general stream pollution problem. They are 
almost invariably composed largely of pyrite thrown out when mining or clean- 
ing coal. They are exposed to the most favorable conditions for acid forma-— 
tion, so far as contact with moisture and air are concerned, and thus the three 
factors necessary in the reaction are present. As a rule, water is to be seen 
trickling from these refuse piles, and when pools of water can collect around 
them, this water is invariably highly acid. Not infrequently they are thrown 
across or built out into natural streams, and in such cases the stream often 
shows a marked difference in acidity between samples taken pmapecoaed 
above and below these piles.”’ 


In 1930, Lewis V. Carpenter and Alfred H. Davidson, West Virginia 
University, published a paper ‘‘Developments in the Treatment of 
Acid Mine Drainage.’ This paper, in part, set forth the following: 


“The drainage from coal mines has become an acute problem in West Vir- 
ginia, due to the acidity of the water. The results of a number of weir meas- 
urements made on the discharge from mines in Northern West Virginia and 
Western Pennsylvania indicate that the quantity of drainage will equal about — 
25 percent of the rainfall which is the estimated penetration. This figure is 
based on the area of coal exhausted. The quantity of drainage is dependent on | 
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the thickness of the coal vein, the character of the roof, thickness of the cover, 
character of surface topography, method of mining (pillars drawn), daily ton- 
nage, and the area of coal exhausted. The last seems to be the best criterion 
of comparison, and for the ordinary year in West Virginia the average quantity 
of water will be about 1000 gallons per acre of coal exhausted. This is a perti- 
nent fact because the quantity of mine drainage is increasing directly with the 
mining of coal. The flow of water does not fluctuate with the rainfall to any 
- great extent, as the majority of the deep mines will pump nearly as much water 
_ in the dry season as in the wet season. 

‘Acidity of Mine Waste Waters. Unfortunately it is not always possible to 
predict the acidity of the mine drainage from the vein of coal, or even particu- 
lar localities. Two mines within a few miles of each other may produce 
entirely different kinds of drainage from the same vein of coal. One of these 
mines which will be identified as mine A produces about 200,000 gallons per 
_ day of water which has an alkalinity of 170 parts per million, while mine B, less 
than three miles away, mining from the same vein (Sewickley) produces 130,000 
_ gallons of water with an acidity of about 30,000 parts per million. The analy- 
sis of coal reported from Mine A showed 3.0 percent sulfur, and Mine B, 2.6 
percent. Numerous tests failed to reveal any direct relation between the 
sulfur in the coal and the acidity of the drainage. The same holds true of the 
veins. 

‘“‘During a survey made in the summer of 1929, the drainage from mines in 
the Freeport vein had a pH value from 2.1+t06.8, the Pittsburgh vein from 1.8to 
6.8, and the Sewickley vein from 1.8 to 7.6. Analysis of the water showed that 
some drainage was distinctly alkaline while others were very acid (one sample 
was 69,700 parts per million acid). . . . 
_ “Effect of Acid Mine Drainage. Acid mine is very detrimental to our 
streams. It makes the water corrosive, unpalatable and unsuitable for domes- 
tie, commercial or recreational purposes. It is felt that it has a marked effect 
on fish life, but this subject needs a large amount of investigation, to work out 
just what concentration of mine water will permit propagation of fish life. 
‘‘Treatment of Acid Mine Waste. The largest installation for the treat- 
ment of mine drainage was built by the H. C. Frick Company at its Calumet 
Mine. 
A ‘Collins shows the design of a treatment plant where lime is added to the 
= acid mine water in a baffled chamber, and then given 2 to 4 hour retention 
_ period in a settling chamber. This process gives a sludge containing about 75 
percent water, and the remainder ferric hydrate. 

‘‘A Travers Marl clay filter was installed on Elk Creek, in Harrison County, 
West Virginia. A lime marl was added tothe water. . . . . Press dispatches 
state that, after this plant was installed, fish life was abundant and the stream 
_ was very much improved. This plant has since been abandoned. . 

“About one year ago, the West Virginia Geological Survey released a press 

dispatch in which they announced the Kaplan-Reger process for treating mine 
waste waters. According to the ‘dispatch it consisted in adding to the sulfate 
ae organo-metallic compound which combines with the chemical 
- compounds of the water and forms a blue pigment to be known as Monongahela 
- Blue, and at the same time remove the acid.’ 
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“In conclusion, the dispatch states that ‘in the Kaplan-Reger process, the 
added chemicals combine completely with the chemicals in the water to form 
an insoluble, marketable product, leaving the water practically free from acid 
and mineral substances.’ 

“This process has not been tried on a large scale and not enough technical 
data have been reported to properly interpret to possible results from the 
process.’ 

“Sealing Abandoned Mines. Unfortunately abandoned mines offer a real 
problem in the treatment of mine wastes. The gobbed material, both in and 
out of the mine, cause a lot of acid water. One mine in Monongalia County, 
which has been abandoned since 1922 is discharging 100,000 gallons of drainage 
with an acidity of over 10,000 grains per gallon. . 

“Disposal of Dilution. One writer makes the statement that the dilution 
required for mine water should be about 1 to 120... . . . A dilution of 1 to 20 
increased the pH value from 1.9 to 3.0. 1 to 30, 1 to 40, 1 to 50 and 1 to 100 
dilutions all had a pH value of 3.1. In other words, an acidity of 850 parts per 
million gave the same value as a sample with an acidity of 254 parts per 
million. A dilution of 1 to 4000 brought the pH value up to 5.2. 

“These results have been checked and bring out a point that is very impor- 
tant in stream pollution work, i.e. there is a range of dilutions for practically 
every mine water which gives the same pH value. . 

“« . . . unfortunately nothing has been done on the resistance of fish to 
mine waters. One of the authors has found black bass spawn living in sections 
of Lake Lynn, where the pH value was less than 3.0. 

“A large amount of work is necessary tc work out the exact relation which 
exists between the acidity of the mine water and the proper dilution to avoid 
undesirable conditions.” 

“Conclusions. 1. That the present status of mine waste water is very uncer- 
tain, and that much fundamental research is needed on the origin of the water 
and the formation of acid. 2. The laws governing the amount of diluting 
water should be worked out. 3. Research work should be done on the effects 
of high sulfate waters on aquatic and animal life.’’ 


From the information now at hand, it appears that there is a united 
opinion as to the effect of acid mine drainage on river water supply. 
What then, is the remedy, and how shall it be administered? In the 
first place, the problem should be divided into three main components: 


(a) Drainage from active mines ini 


ad Drainage from gob or culm piles 


(a) The cost of disposing of the drainage from active mines should 
be borne by the consumer of the coal. This cannot be done by 
requiring the mine operator to assume responsibility, unless the same 
requirements obtain throughout the coal fields of the entire country. 
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It should be borne in mind that coal mining is a major industry ip 
Pennsylvania. It should further be borne in mind that the close of 
the World War found condition of over-production in the coal indus. 
try, and that this condition was not brought about primarily by the 
coal operators. In fact, no such industry could meet the require. 
ments of the World War without subsequent disaster. 

In the April, 1931, number of World’s Work is an article entitled 
“Hard Times for Soft Coal,” by William Pickett Helm. A portion 
of the article reads as follows: 


‘Present policies are leading soft coal, its markets undermined by super- 
power, oil, and natural gas, to the poorhouse. Price fixing or combinations to 
curtail production would lead to the penitentiary. Hence we have the indus- 
try, to insure a fair return to owner, worker and public, now considering federal 
control, a measure which some twelve years ago it spent millions to avert. 

“Their plan, somewhat sketchy yet as to details, is relatively simple in 
essentials. It would entail but little new legislation. Briefly, it embodies the 
following features: ‘First, application to the coal industry of the powers 
already possessed by the Federal Trade Commission. The commission can 
order any firm to ‘cease and desist’ from unfair practices. One of these prac- 
tices, the basis of several restraining orders issued by the Commission, has 
been adjudged the selling of goods below the cost of production.’ 

, . the very heart of the bituminous problem is overproduction. It 
may be the laws are too severe. President Hoover touched on that possibility 
in a speech delivered in Boston last October in which he said: ‘The coal situa- 
tion has been under investigation by our governmental departments, by Con- 
gress, together with commissions and committees of one sort or another, for the 
past ten years. The facts are known. One key to the solution seems to me to 
be in reduction of this destructive competition. 

‘The one thing the las will not allow the operators to do is to end destructive 
competition by agreeing to limit production. Yet leaders in the industry 
regard this as vital if it is to endure . $ 


If federal control is to enter into the problem, is that not the proper 
time to adjust the cost of mine waste disposal in such a manner as to 
place the burden on the coal consumer, without financial burden on 
individual operator? More difficult problems have been solved. 

(b) Abandoned mines producing acid mine drainage should be 
sealed. Those abandoned at the present time should be sealed by 
and at the expense of the State in which the mine is located. Assump- 
tion of the expense by the State will prevent litigation and delay. 
All mines which may be abandoned in the future should be sealed by 
and at the expense of the holder of the coal rights. 

(c) Outside gob or culm piles should be burned if possible, unless 
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the inconvenience visited upon the residents of the community is 
yery marked. Mere hysteria of a few should not be given greater 
weight than is warranted. Coal operators are already giving con- 
siderable study to the location of culm piles, with the intention of 
protecting adjacent streams as far as possible. Evidence of solution 
of other parts of the problem will hasten solution of the gob problem. 
Most of all, co-operative effort of all will most assuredly accomplish 
infinitely more than drastic laws and arbitrary rulings. In Pennsyl- 
vania a marked advance in co-operative methods has been made 
by the Sanitary Water Board. Given reasonable financial support 
and freedom from unwarranted restraint, they will go far in their 

M. LE Bosaquet, Jr.:? The author has given us a thorough review 
of the mine drainage problem, including its magnitude, present prac- 
tices, and the conclusions of those who have given serious thought 
to the question. The important conclusion that can be drawn from 
Mr. Drake’s paper is that the coal mine drainage problem is still far 
from solved and probably the greatest need toward its solution is 
continued concentrated effort and thought. 

In any line of endeavor, especially when numerous agencies are 
working in different districts, it is well to have an occasional stock 
taking as has been done in this paper. I am sure we all appreciate 
the effort to keep us advised. 

Scientific acclaim awaits the investigator who discovers a sulphate 
precipitant that can be applied economically and still is not subject 
to the objection of possible dangerous spillages. Treatment with 
barium salts as used in experimental investigations and as used in a 
few industrial water treatment plants in the southwest for precipitat- 
ing sulphate is subject to both of these objections. There are no 
installations that I know of using barium treatment in a municipal 
supply. Even though the economic objection is eliminated through 
recovery, present knowledge of the consequences of spillage will serve 
to eliminate this precipitant from consideration by conservative 
engineers and chemists. 

The Kaplan-Reger process appears to be an effort to eliminate the 
dangerous spilage objection. However, the Press Dispatch announc- 


* Assistant Engineer, Morris Knowles Incorporated, Consulting Engineers, 
Pittsburgh, Pa. 
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DISCUSSION 


ing this a makes ae statement that: “ . . . . it is not con. 
sidered advisable to permit indiscriminate and irresponsible chemical 
manipulations on water which may be used for city supply at some 
downstream point. Under proper chemical supervision, there is no 
danger that any deleterious agents may enter the water.” This 
statement indicates that the dangerous spillage objection has not 
ben entirely removed. 

Of all phases of the mine drainage problem and methods proposed 
for solution, the one with the greatest apparent appeal is that of seal- 
ing mine openings. Treatment of wastes from a prosperous operat- 
ing mine is a possibility, but this procedure on an abandoned mine 
which discharges acid water indefinitely is, on the face of it, econo- 
mically out of the question. Sealing abandoned mines, therefore, is a 
promising possibility of solving a real problem. A definite worth- 
while line of investigation is indicated. There are, at the present 
time, organizations alive to this possibility doing valuable work. In 
order that complete information be obtained, it is necessary that 
investigation be broadened to include all districts and all methods for 
applying this vital possibility. Coal production may increase or may 
decrease, but present information indicates that the problem of 
drainage from abandoned mines can vary in only one direction, and 
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TASTES AND ODORS IN PUBLIC WATER SUPPLIES, 
CAUSES AND REMEDIES 


Much attention has been given to the problem of taste and odor 
elimination or prevention in public water supplies within the past few 
years. This increased interest is, no doubt, in part due to the rising 
standards of water quality and to increasing public demand for water 
free from any objectionable characteristics. It is also due, however, 
to increased volumes of industrial wastes that are being poured into 
the rivers used as sources of public water supply, principal among 
which are phenolic substances carried by wastes from coke and char- 
coal by-products plants, from creosoting works and gas plants, and 
oily wastes from oil fields and oil refineries. With the exception of 
these, there are no outstanding or frequently encountered tastes and 
odors due to industrial wastes, although any industrial waste may 
directly or indirectly, if present in sufficient concentration, produce 
unpleasant qualities in a public water supply. Coincident with 
increasing volume of coke and charcoal by-product wastes, there has 
been increasing use of chlorine for the disinfection of public water 
supply. Unfortunately, the phenols and chlorine combine to form 
chlorophenols which have very much greater taste producing power 
than the phenols alone. 

The problem of tastes and odors in public water supply is not, 
however, a new one. It is quite as old as the problem of furnishing 
public .water supplies. Until comparatively recently, practically 
all tastes and odors in public water supplies were due to the pres- 
ence of organisms, generally of microscopic size and known under 
the general category of “Plankton.” The late George C. Whipple 
began a systematic study of these organisms in relation to public 
water supply in 1889 at the Chestnut Hill Reservoirs of the Boston 
Public Water Supply. These studies resulted in the publication in 
1899 of a book on the Microscopy of Drinking Water, which, as 
revised in 1927 by Professors Fair and Whipple, constitutes the most 


1 Consulting Engineer, of Pearse, Greeley and Hansen, Chicago, Ill. iby 
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on the subject of tastes odors in public 
water supplies in the English language. 

Because of the increased interest in taste and odor control among 
water works men, a general review of the subject seems timely. It jg 
impracticable, of course, to deal in detail with the chemistry and 
biology of taste and odor producing substances. This has been very 
fully covered in “The Microscopy of Drinking Water” already re. 
ferred to and by a number of papers dealing particularly with phenolic 
wastes, notably by Streeter, Baylis, Howard, and others. This paper 
will be devoted primarily to a discussion of the means that have been 
developed for taste and odor removal with an effort to appraise their 
present value and probable future usefulness. 


Four methods of taste and odor removal have come into promi- 


as 3. Addition of chemicals | 

te 60 i3 ‘ 4. Adsorption with specially prepared carbon Jen 

bas i 6 
AERATION 


Be these four methods, aeration is the oldest and has perhaps had 
the widest application. By itself it is not a complete and effective 
treatment in all cases, but constitutes at least an alleviative in most 
cases where the taste and odors are produced by organisms present in 
not too great concentration, and when the organisms are soon there- 
after removed by filtration or other means. Until about 1905 it was 
the only method especially directed at the removal of tastes and odors 
in water supplies. 

The design of aerators has never been on a very scientific basis. 

Often the design is largely based on personal preference or funds avail- 


able. Three principal types of aerators have been used, namely, 


1. Spray aerators 
Step or cascade aerators 


Little is known of the exact process that takes place in the oo 
of tastes and odors by aeration. The amount of air required is 
certainly not known and it is even doubtful if air has anything to do 
with the matter. It is conceivable that the tastes and odors might 
come out more : TORY if the water could be aii in vacuum. 
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The prevailing opinion is that tastes and odors removable by aeration 
are due to the presence of dissolved gaseous or volatile substances 
and that splitting the water into very fine droplets, thus greatly in- 
creasing the surface area, will permit these dissolved gaseous and 
yolatile substances to escape. On this theory the spray aerator 
should be the most effective. The step or cascade aerators, which 
take on a variety of forms, act upon the same principle, but do not 
expose as much surface area of the water to the atmosphere. Diffused 
aerators which depend on bubbling air through the water would be 
the least effective on the basis of the above theory because of the 
difficulty and cost of diffusing the air in the water in a manner to 
present as large a surface contact between air and water as may be 
obtained, for example, by spray aerators. 

On the other hand, the hypothesis of mere exposure of the surface 
of the water to the atmosphere may not be correct or entirely correct. 
It is possible, for example, that oxidation plays an important part in 
eliminating taste and odor producing substances. There is no 
substantial basis for making this assumption. On the contrary, 
surface water not heavily polluted by sewage or industrial wastes is 
generally saturated or nearly saturated with oxygen which should 
act to prevent tastes and odors, if the oxidation theory has merit. 
If the oxidation theory can be sustained, it would act to give more 
favorable consideration to cascade and diffused air types of aerators 
in that abundant oxidation can generally be had without the fine and 
violent spray produced by spray nozzles. 

Aerators are not effective in the removal of phenol tastes. They 
are reasonably effective in the removal of oily tastes such as from oil 
refinery and oil fields. Water from oil fields is generally rendered 
objectionable because of excessive salt rather than tastes and odors. 
It is probable that certain other tastes and odors incident to indus- 
trial wastes may be removed in part or in whole by aeration. 

Aeration has certain incidental advantages in connection with 
removal of tastes and odors. Principal among these is the removal 
of carbon dioxide which causes the water to corrode iron pipes and 
also the oxidation and precipitation of iron and manganese. Aerators 
may be used for a thorough mixing of coagulating chemicals with 
water to be filtered. In some cases these incidental effects of aeration 
may be of greater importance than the removal of tastes and odors. 

It is difficult to forecast the probable effect of aeration as a means 
of taste and odor removal from public water supplies. It is gen- 
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erally the cheapest treatment available, although where water must 
be pumped through aerators, the additional pumping head required 
by the aerator nozzles, roughly about 7 or 8 pounds per square inch, 
is a considerable item. Its incidental advantages combined with 
its cheapness will probably cause aeration to be used for many years 
in the future, although actually, as will be seen later, it is possible 
to control tastes and odors more positively and also obtain the in- 
cidental advantages of aeration by other methods. 

Filtration is not primarily a means of removing tastes and odors, 
although the processes of filtration in common use greatly reduce 
tastes and odors resulting from the presence of organisms. There- 
fore, it should not be omitted from any list of means for controlling 
tastes and odors. Filtration, however, is primarily intended for the 
removal of turbidity and bacteria. Generally speaking, rapid sand 
filters are more effective in removing tastes and odors than slow sand. 
This is probably ascribable to the removal of a large number of 
organisms through coagulation and sedimentation before they reach 
the filters. Moreover, rapid sand filters are frequently washed so 
that any organisms on the surface of the sand are in large part 
removed at frequent intervals. 

Filtration has a firm place in water purification and will continue 
to be used extensively. It will not be looked upon as a definite 
means for the removal of tastes and odors, but will be considered as 
the main process of which taste and odor removal processes are 
adjuncts. 


i ADDITION OF CHEMICALS 


The addition of chemicals for taste and odor control can be di- 
vided into two distinct categories, namely, 
_ 1. For the prevention of tastes and odors. 
_ 2. For the removal of tastes and odors. 

The one outstanding chemical used for taste and odor prevention 
is copper sulphate which was introduced by Kellerman and Moore 
of the United States Agricultural Department in 1905. Chlorine 
may also be used in this manner. The principle of prevention is the 
killing or inhibition of microscopic organisms. To accomplish this, 
the chemicals must usually be applied in reservoirs. The treatment 
cannot be done in a haphazard manner. It is particularly important 
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to inhibit rather than to killa growth. If the organisms are already 
present in large numbers, killing them will be followed by decom- 
position of the organisms which in itself may produce bad tastes and 
odors. The technique of application, therefore, involves a con- 
tinuous observation of the reservoirs by means of microscopic ex- 
amination for troublesome organisms and the application of chem- 
icals in a manner that will reach the particular organisms most 
thoroughly and most effectively. For example, some organisms 
require surface, others depth treatment. Technique must also be 
developed with reference to the application of the chemical so that 
the proper concentration is reached in all parts of the reservoir. 
Generally speaking, motorboats with a speed of about 12 miles per 
hour have been found most effective. Copper sulphate appears to 
be most effective against algae and other higher forms of plankton, 
whereas chlorine seems to have the advantage for inhibiting taste 
and odor producing diatoms. 

Elimination of tastes and odors once they exist is most effectively 
accomplished through chemical means by either superchlorination 
and dechlorination or ammoniation followed by chlorination. Super- 
chlorination followed by dechlorination was first successfully used 
on a large scale at Toronto under the direction of Howard. Howard 
used sulphur dioxide as a dechlorinating chemical. Other sub- 
stances are also usable, as, for example, sodium thiosulphate. 
Recently sodium bisulphite has been proposed by Birdsall, but there 
is not sufficient background of experience as yet to demonstrate the 
efficacy of this material. It is now being used at Glencoe, Illinois, 
and Winnetka, Illinois. There is some evidence to indicate that 
sodium bisulphite alone may prove effective in the removal of some 
tastes and odors. Superchlorination and dechlorination seem to be 
effective against tastes and odors produced by organisms and by 
phenols, but evidence thus far is not very positive with reference 
to the removal of higher concentrations of phenols. 

Preammoniation has within the last few years come into great 
favor principally as a result of experience at Greenville, Tenn. by 
McAmis, and more recent experience at the Baldwin Filteration 
Plant in Cleveland. The process, however, has been used for a much 
longer period. It was first introduced in North America by Mr. Race 
at Ottawa in 1914. There ammoniation of calcium hypochlorite 
was used to form chloramines before application to the water. The 
treatment was primarily introduced with a view to economy, inas- 
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much as Race believed chloramines produced by the combination of 
ammonia and chlorine were more effective as sterilizing agents than 
the hypochlorites alone. As the Ottawa water supply was little 
troubled with tastes and odors this was not regarded as a factor 
although it was observed that the water did become free from chlo- 
rinous tastes and odors. 

Aside from the removal of tastes and odors due to organisms or 
industrial wastes, ammoniation prior to chlorination is very effective 
in preventing residual chlorine tastes which have been very bother- 
some in a great many places, especially where relatively large quan- 
tities of chlorine are necessary. 

Ammoniation prior to chlorination seems to be quite positive in 
removing phenol tastes as judged by the experience at Cleveland. 
On the other hand, there is no good evidence that preammoniation 
is entirely effective in removing tastes and odors due to organisms. 
On the contrary in various places it has been found rather ineffective. 
At East Chicago the application of ammoniation followed by chlo- 
rination has been very useful in removing phenol tastes. The re- 
moval, however, has not been complete with the rather large concen- 
trations that have prevailed at that place. The residual taste, 
however, is not as objectionable as the former chloro-phenol tastes. 

Preammoniation has an additional advantage in that the chlo- 
ramines formed are persistent and have a continued bactericidal 
action. At Cleveland it has been observed that the use of ammonia- 
tion followed by chlorination maintained very low bacterial counts 
at extreme portions of the distribution system, whereas with chlo- 
rination alone there was a marked increase in bacterial content 
as the water moved away from the pumping stations. 

No doubt both preventive and corrective chemical treatments will 
continue to be used for controlling tastes and odors. The pre- 
ventive methods have limitations in that they cannot readily be 
applied to waters that are not held in small lakes or inimpounding 
reservoirs, because it is manifestly impossible to apply copper sul- 
phate, to the entire flow of a sizable river or to a very large lake. 
Superchlorination followed by dechlorination has possibilities for 
odor control that have not been sufficiently exploited. The results 
at Toronto are, however, encouraging both with reference to the 

removal of organism tastes and phenol tastes. The use of sulphur 
dioxide gas as a dechlorinating agent is rather impracticable for 
small installations and the more extensive use of this process de- 
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pends upon finding a cheap and easily applicable dechlorinating _ 
agent. ; 
Preammoniation has unquestionably been firmly established for __ 
removal of phenol tastes. The question still remains, however, as to 
whether phenol tastes should be tolerated in any body of water used — 
as a source of public water supply. There are now available means — 
for the recovery of phenols, which, if they do not yield a profit, are 
at any rate cheap methods for elimination of phenols from rivers and 
other bodies of water. The practical point of view is, however, 
that any plant producing phenols may through accident or careless- 
ness permit phenols to escape from time to time, and waterwokrs 
operators should be ready for such emergencies. Perhaps the great- — 
est value of ammoniation followed by chlorination lies in its economy, 
its retarded action as a sterilizing agent as compared with chlorine 
alone, and its effective elimination of the characteristic residual 
Jo CARBON rad of tataw ads ol 

Within the last two years much attention has been given to the 
use of specially prepared carbon for removing tastes and odors. 
Baylis deserves credit for being the first to extensively investigate 
this material for application to water supplies. Carbon in the form 
of charcoal has long been recognized as an agent for removing color 
and taste from waters. It has not, however, been extensively used 
on a large scale, nor has it been used intelligently under proper 
control. The active carbons now employed have been known for a 
number of years in various industries, more particularly the sugar 
industry, where they have been used principally as decoloriziag 
agents. There are a variety of active carbons, each of which has its 
merits in industrial fields, but some of these seem to be much more 
adaptable to water works practice than others. They have proven 
effective in positively removing practically any kind of taste and 
odor whether due to organisms or to phenols. To function effectively 
only clear filtered water should pass through active carbon contact 
beds. Otherwise, the carbon will become clogged and coated and 
thus prevent proper functioning. 

According to Baylis, active carbon functions in two ways; namely, 
(1) by adsorption in which the feee carbon valences are satisfied by 
phenols and other taste producing substances, and (2) by direct 
chemical action in which new compounds are formed with taste 
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producing substances such as chlorine. When active carbon is used 
as an adsorption agent, it loses its activity in time. This activity 
may be restored by heat treatment either in the dry or with steam, 
In the case of the direct chemical action, however, there is practically 
no deterioration of the carbon although the carbon is gradually used 
up. To prolong the life of the carbon Baylis favors superchlorina- 
tion as a means of eliminating tastes and odors due to phenols or 
organisms and then contact with active carbon as a means of remoy- 
ing the excess chlorine through chemical reaction. 

When active carbon is used in contact beds it involves relatively 
large and complicated filter plant adjuncts. Its application is not, 
however, impossible due to unreasonable cost and it is usually feasible 
to build carbon contact beds to operate with existing filter plants. 
Behrman in a paper before the A. W. W. A. in 1930 presented a 
number of suggestions for utilization of active carbon contact beds 
in conjunction with both new and existing filter plants. 

To avoid new construction it has been proposed to apply active 
carbon to the water to be treated in the form of a powder by means 
of the usual chemical feed devices. It can, in fact, be mixed with 
coagulating chemicals. However applied, some means must be 
provided for thoroughly emulsifying the carbon to secure maximum 
effect and to avoid troublesome deposition on fillers. In some places 
this has been found to be effective in removing tastes and odors. 
As yet the experience is not sufficient to enable one to make an ap- 
praisal of the value of and extent to which powdered active carbon will 
be used in conjunction with existing filter plants. There is evidence, 
however, that its application is both practicable, effective and 


FUTURE DEVELOPMENT 


Control of tastes and odors in public water supplies is still in a 
developmental stage. Progress thus far has demonstrated that means 
are now available whereby most taste and odor trouble can be cor- 
rected. The principal questions to be solved are the relative merits 
and the relative economy of the available means. Also there are 
limitations as to intensities of tastes and odors that can be handled 
in a practical way. It is improbable, however, that one best method 
will be found. Variations in the character of the water to be handled, 
variations in the size and purpose of purifications works will no 
doubt call for methods in one case that are not practicable or econom- 
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ical in other cases. Within rather wide limits water works men 
may now feel confident that any taste and odor problem can be 
solved. In no case, however, should the solution of these problems 
be hurried. They should only be adopted after careful study of the 


particular local conditions with a view to adopting that method 


_ which seems to be the most efficacious and economical for the par- 
ticular plant under consideration, 


DISCUSSION 


CuarLEs H. Spavu.pine (Springfield, Ill.): I have had some operat- 
ing experience with the various sorts of aerators which Mr. Hansen 
bas mentioned; namely, the spray aerators, tray or multiple cascade, 
and the diffused type where the air bubbles up through the water. 
My experience has not been very encouraging. However, they did 

what Mr. Hansen and Mr. Baylis intimated—they helped a little. 
The trouble has always been that we were not able to measure odor, 
or taste, quantitatively. I have been working with a method re- 
cently which I feel is giving a pretty close quantitative measure of 
the odor in water; and I have found that areators, in certain cases, 
are not doing very much. In one case I found abet 20 percent 
removal. I found an odor of 125, according to this method, reduced 
to 100, in the aerated water. Again, I found an odor of 100 reduced 
to 83. 

We also found another interesting thing, and that is that sedi- 
mentation, in a softening plant using lime, removes a very large 
percent of the odor. We get varying efficiencies. I do not care to 
say at this time what our average will be, but we will get around 
75 percent removal of odor, just by coagulating and settling with 

lime. 

I should just like to add my testimonial to the efficiency of the 
-ammoria-chlorine treatment. We have been using that treatment at 
Springfield, Illinois, for about four years, and we certainly would 
not use chlorine in any other way at Springfield, now. We have not 
sacrificed anything. We are not paying any more to prevent chloro- 


phenol and chlorinous odors. We are getting a better sterilization < 


Process, and it is not costing a thing. eure 


aldo add. | 


Roserts Huupert (Detroit, Mich.): We have not been so con- 
-eerned in Detroit with the taste and odor problem as have other 
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drawn from the Great Lakes, and seldom is troublesome in this 
respect. Occasionally during the cold water months, when chlorine 
absorption is slow, a chlorinous odor seems to persist in the tap 
water, even with the low dosages of chlorine which we apply, seldom 
more than 0.24 p.p.m. Again, often in the late spring, May or | 
June, during our algae or diatom peak the water has a slightly un- 
pleasant taste after chlorination, resulting in a few complaints. 
With a view to correcting these comparatively minor tastes or 
odors, we have lately been experimenting with a somewhat unusual 
_ form of ammonia treatment. We have not so far used ammonia 
- gas, but have obtained similar results with crystalline sulfate of 
: ammonia. This is a by-product of Mr. Ford’s coke ovens, and com- 
_ monly sold as a nitrogenous fertilizer. Its ammonia (NH;3) content 
is approximately 25 percent, and selling as it does for about $60 
_ per ton, the active ingredient, ammonia, in this form costs about 12 
cents per pound. Of course, the NH; ion is present in the water 
- solution of this salt and undoubtedly forms the chloramine as readily 
_ in this form as it does in the case of a solution of the pure gas. 
Another departure from the usual scheme of ammonia treatment 
_ which we have attempted is the addition of the sulfate by means of 
the dry feed machines, mixed with aluminium sulfate, and applied 
_ to the mixing chamber influent sometime after our pre-chlorine dose 
_ of 0.18 p.p.m. has gone in at the river shaft. The usual practice is 
_ to apply ammonia ahead of the disinfectant. Perhaps it will work 
just as well afterwards, but there seems some doubt as to that. No 
ammonia, or residual chlorine survives filtration at these concen- 
trations used in Detroit. An additional post-chlorine dose of about 
0.10 p.p.m. is added to the reservoir influent, which probably re- 
- mains uncombined with ammonia, since none of the latter appears 
to have survived at this point. 
We think that during the winter with the ammonia applied in this 
-manner that chlorinous odors were less noticeable than during past 
- years. The treatment is being continued this spring in much the 
_ same form and apparently with rather good results. In the speaker’s 
mind there is little doubt but that ammoniation does serve to prevent 


THAT (J. A.W. A, 
hould ankful our Ww: upply 
a 
oS 
= 
properly applied, 
at the right place and in the proper concentration. 
4 oe Another beneficial effect of chloramines is the probable prevention 
4 ae of coli-like organisms persisting in the distribution system. These 
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are a source of great trouble and annoyance, at times in Detroit, a : 
our local Health Board frowns deeply upon the presence of any _ 
organism in the tap water that answers the routine physiological 
tests for the sewage type, even if present only in greatdilution In 
my opinion these are often common soil types answering positive to Pde 
the tests supposedly characteristic of the intestinal bacteria. If 


water and of destroying tastes and odors. Many filter plant opera-— 
tors however have hesitated to apply such large doses of chlorine for — 
fear of producing in the filtered water tastes that would be objection- a 
able to the consumers. Bees 
Mr. N. J. Howard of Toronto who has successfully employed super- 
chlorination of Lake Ontario water for several years has used liquid — 
sulphur dioxide as a dechlorinating agent. 
It occurred to us several months ago that if a dry powdered © 
material containing available sulphur dioxide could be applied to the _ 
superchlorinated water easily and inexpensively by means of a dry 
feed machine then superchlorination would become more commonly 
used as a means of destroying tastes and odors in public water | 
supplies. 
There are several chemical substances containing available 
dioxide (SO) that could be used. Sodium hyposulphite contains 
approximately 25 percent SOz, sodium sulphite about 50 percent and . 
anhydrous bisulphite of soda nearly 65 percent. The highest con- Prec - 
centration of SO. occurs in the bisulphite. It is a dry free flowing 
powder, suitable for use in dry feed machines and is readily soluble ae 
in water. Comparing the relative cost per unit of SO, in these three Be 
substances, the anhydrous bisulphite of soda is least expensive and ye i 
most efficient. One part of residual chlorine is neutralized by 1.6 
parts of bisulphite. If it is desired to retain any given amount of — 
free chlorine in the filtered water then the amount of bisulphite is == 
reduced accordingly. 
It is desirable to allow the chlorine to react for a period of atleast — 
two hours before applying the anhydrous bisulphite of soda. 7 
We have observed in several instances where ammonia and chlorine _ 
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. chloramine will prevent the continued presence of these types in sy 

: new mains, or in the distribution pipes anywhere, it should be hailed 

as a great blessing, from that viewpoint alone. 

ul 

Lewis I. (Chicago, Ill.): Superchlorination has long 

f hoon known as a valuable mathod of oxidising oreanic matter in 
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were added in small quantities to the raw water that certain tastes 
and odors present in the water were apparently intensified. Super- 
chlorination of the raw water followed by dechlorination with anhy- 
drous bisulphite of soda destroyed the objectionable tastes and odors, 
Further experiments are now under way to determine which tastes 
and odors, if any, can be removed by this method of treatment. 


GerorGE D. Norco (New York, N. Y.): I just have two thoughts 
that I want to present. I hate to throw any cold water, but after 
the optimistic remarks of Mr. Hansen I just wanted to say that on 
Thursday I am going to describe a situation that occurred during the 
drought, where we tried every method that has been mentioned here 
this morning for the prevention of taste and odor without a complete 
success, using them either individually or in combination. Of course 
we had an exceedingly difficult situation, and some of thetreatments 
were beneficial, but none of them were absolutely satisfactory. 

The other thought I had was on the use of sulphur compounds for 
dechlorination. At Chester, Pennsylvania, we are bothered to some 
extent by oil refinery wastes, and we find there that the use of large 
quantities of chlorine tends apparently to oxidise those compounds 
with improvement in the odor, whereas when you dechlorinate you 
apparently reduce the compound which is causing the odor, and you 
then get an unpleasant odor which we suspect is due to the presence 
of a reduced sulphur compound. You can take samples of that water 
and reduce them with the sulphur reducing compound, and you can 
bring about the offending odor. That is just a word of caution about 
the use of sulphur compounds. We have considered dechlorinating 
with ammonia, following superchlorination, to form chloramine, 
thereby attempting to remove the excess chlorine, but unfortunately 
that has not proved very successful in this instance. That might 
answer the question as to why we speak of preammoniation. A 
number of people have told me they are thinking of using, or have 
used, postammoniation, so we have got to stick to the phrase, if we 
want to indicate where the chlorine is applied and when it is applied. 


Joun R. Bayuis (Chicago, Ill.): Mr. Hansen has covered the 
subject so well, there is not much that might be added to the dis- 
cussion. Perhaps it might be well to mention the types of com- 
pounds that may be removed by the various treatments. Chloro 
tastes of all kinds may be 
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and tastes produced by decaying vegetation are easily removed by one 
or more of the taste elimination treatments. Practically all forms 
of tastes and odors produced from the waste products of industries 
also may be removed 

As Mr. Hansen said, aeration partially removes such compounds 
as exist in the water as dissolved gases. That includes the algae and 
a few of the other tastes and odors. There are very few places where 
aeration is giving complete success all the time, so it is believed that 
the taste elimination treatments of the future will be more by chem- 
ical than by aeration methods. Adsorption by active carbon should 
be termed a chemical process. There is a limit to what aeration will 
accomplish, but with the chemical process, so far as we know, there is 
no compound that cannot be made inoffensive in some way. It is 
largely a question of cost. 

Probably the treatments that will receive most attention in the 
future will be the ammonia-chlorine treatment, and the use of 
carbon, either with or without chlorine. It is believed in most in- 
stances where the pollution is high, the carbon will be used in con- 
nection with 'chlorine treatment. Carbon will be restored to chiefly 
where cheaper methods will not produce satisfactory results. 

The ammonia-chlorine treatment is largely a preventative of taste. 
If the usual filtration process removes the tastes and odors that are 
naturally in the water to the extent that they are not objectionable, 
yet it is necessary to add chlorine for sterilization to the point where 
it gives a taste, then the ammonia treatment is applicable. It might 
be said that the majority of tastes, or the tastes in the majority of 
water supplies are a result of the addition of chlorine, so the ammonia- 
chlorine treatment is going to have a very wide application. This 
treatment has some limitations, in that it decreases the rate of 
killing the bacteria, but where there is a long contact period, it 
probably makes a safer water than the usual chlorine treatment, 
because the residual chlorine remains in the water very much longer. 

Using an equal amount of chlorine, with and without ammonia, 
there is a period somewhere near two hours when equal sterilization 
is obtained. If there is a shorter period of contact, chlorine alone 
will give better sterilization, but if the period is longer, the ammonia- 
chlorine treatment will give the better result. Where the water gets 
to the consumer in a time shorter than two hours, it will be necessary 
to use more chlorine than if chlorine alone is used. If there is a 
longer period, say six to ten hours, less chlorine will be required. 
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Where there is trouble from chlorinous taste, and there is sufficient 
time after the chlorine is added, the ammonia-chlorine treatment igs 
certainly a very excellent treatment. 

It might be said for nearly all filtration plants that there is sufficient 
time for sterilization, but where there are no such plants, the water 
may be chlorinated and go direct to the consumer. Where the 
ammonia-chlorine treatment is used, it is better to go back as far as 
possible in the filtration plant, that is, to the mixing basin or sedi- 
mentation basins. It takes just a little more chlorine and ammonia, 
but it makes the water safer bacterially. 

There has been a great deal of research work done on active carbon, 
perhaps much more than many are aware. This, however, was not 
for its use in water treatment. The work was stimulated greatly 
during the World War in work on gas mask materials. There are 
many industrial processes where active carbon is being used and this 
has added much to knowledge of such material. Charcoal for water 
treatment has been used over a hundred years, and was a popular 
form of treatment 40 to 50 years ago. Before there were municipal 
filtration plants, all of the purification that was done to the water 
took place in the homes. There was keen rivalry between the 
advocates of several types of filters, such as stone, sand, charcoal, 
felt and sponge. There were quite a number of materials used for 
making household filters years ago. There seemed to be almost 
general agreement that if the water was very bad it was better to 
use a charcoal filter. Animal charcoal was the favorite. 

After the municipalities built filtration plants, most of the house- 
hold filters were abandoned and interest in charcoal for filters died 
out. It is interesting to note that the City of London, about 1870, 
seriously considered using charcoal filters for the entire water supply. 
It is evident that it would have been a failure at that time, but there 
is a great deal of difference in the charcoals that were used years ago 
and the active carbons of to-day. Bone char was considered the best 
material at that time, whereas it is not even considered for a large 
plant to-day. Active carbons have now been perfected that are so 
active they will remove perhaps one hundred times more of the taste 
producing compounds than bone char. As to the compounds that 
will be adsorbed by active carbon, some of the leading chemists who 
have studied such material state that there is practically no com- 
pound that will not be absorbed in some quantity. The amount that 
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in the water. We shall have to give this a great deal more study, 
for there are many organic compounds that might be present in the 
water in very minute quantities. Most of these compounds are 
inoffensive, but some of the inoffensive compounds will attach them- 
selves quite firmly to the surface of the carbon and might cut down 
materially on the amount of the offensive compounds that may be 
removed from the water. The only way we can get specific in- 
formation on the cost of carbon for a certain water is to run the 
carbon until it reaches a point where it no longer takes out all of the 
objectionable compounds. This is going to require a great deal of 
research work, and while much is under way at the present time, 


in water treatment. 


| 


ent 
is 
“nt 
er 
he 
as 
j 
a, 
n 
y 
e 
r 
| 
| 
reg 


OPERATING EXPERIENCES WITH GATE VALVES Ag 
RELATED TO NEEDED IMPROVEMENTS OF DESIGN 


a By Sera M. Van Loan! 


a The experience with gate valves, if related by operators in the 
employ of the water works scattered over a country, or as employees 
within manufacturing plants, would contribute a volume which would 
be of value to the water works fraternity and the high point of 
narrative would feature some failure of control of the flowing medium 
on a pipe system or from tanks. Quoting briefly from Webster 
under Valve we find: 


Any of numerous devices by which the flow of liquid, air, or other gas, loosed 
material in bulk, etc., may be started, stopped or regulated by a moveable part 
which opens, shuts, or partially obstructs one or more ports of passageways; 
also the moveable part of such a device. . . The moveable part may be a 
hinged lid or disk, a ball which lifts or rolls, a plug or disk with beveled edge 
fitting in a correspondingly shaped seat, a swiveling plate, any of many vari- 
ously shaped sliding devices, a rocking or rotating plug or cylinder partly 
cut away to permit flow in certain positions, etc. Valves may be operated by 
the difference of fluid pressure on opposite sides of the moveable part, by hand 
or mechanically. 


Especial attention is directed to the word stopped in this definition 
and it is through the failure in stopping flows that imposes many an 
anxious hour upon the water works engineer or superintendent and 
as he is interested primarily in water no reference will be made to gate 
valves that are intended for pipes conveying steam, air, gas or oil. 


Pt. PHILADELPHIA PRACTICE 


The operating experience that the City of Philadelphia contributes 
has embraced a group of valves, the types and sizes of which are too 
numerous to mention, but as this subject applies only to gate valves 
the comments will be restricted to those designed for a vertical or 
horizontal position and to the parts which may be employed in their 
operation. 


1 Deputy Chief, Bureau of Water, Philadelphia, Pa. 
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i The design of any water system is at the mercy of = Breaks 
on pipe units or leaks at joints will occur in plant operation with 
awkward frequency and in design the valve location is selected to 
confine trouble and reduce damage to a minimum. 


The designing engineer locates valves; the construction engineer 


ef approves the make of valve to be installed and the work is properly 
assembled and tested; finally the completed job is put into service 
where a maintenance engineer functions. This last named official 
the takes up the burden of plant condition, and of keeping in functioning 
ae order. Notes in his possession show all the requirements for opera- 
ald tion—the location, size, type of valve, make and the requisite number 
of of turns to operate are all listed. Through the misdirected spirit of 
kb. organization economy, though no fault of this maintenance engineer, 
he is unable properly to inspect and keep in condition his operating 
ter 
units. The various manufacturers of valves want business and they 
want repeat orders. The valves, as shipped, from their factory, 
ed have been approved and tested. Then after a period of long service 
rt and through this lack of field attention, there is a failure in the func- 
8; tioning of the gate in time of trouble. In the case of a water main 
i break there is a delay in the shut off and more time is absorbed in mov- 
‘i ing to the next available gates. Various excuses are offered by the 
ly operating force. The line valves involved near main refuse to render 
y a positive shut off and adjacent valves have to be visited; smaller 
d valves on connections, covered possibly by some recent repaving, 
absorb time in uncovering and the enclosing boxes may be filled with 
" foreign matter which must be removed. Distribution engineers have 
, heard these reasons given frequently and subsequent examination of 
valve operation cards indicate that inspection of gates in the involved 


area has been neglected and no routine operation is listed for a pro- 
longed period. The valve or valves are unjustly criticised and a 
condemnation of that particular make is registered. 

Through improper line construction, debris has been left in pipe 
which has floated over the seat of a valve and on the making up be- 
tween valve and adjacent pipe, the joint compound has escaped and 
lodged in the valve seat. Then again following the inability of 
stopping the water flow, there is power far in excess of good practice 
applied to operate and as a result of such an effort a stem is stripped 
or bent, regardless of its sturdy cross section, or its character in 
composition. Excessive force applied towards closing gates have 
fractured the body and with geared valves teeth have failed. ob 
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All operators have struggled with corrosion and many have battled 
with sediment lodging in valves set near pumps drawing from a raw 
water which may be loaded at times with dirt. Carefully written 
instructions with requisite number of turns have conscientiously 
been pressed upon reliable employees for valve inspection, yet 
frequently the operation is not completed and the vital threads will 
not pass the nut at such time a complete shut off is required nor will 
the wedge action function. 

A supporting roller carriage with attached scrapers for horizontally 
set gates will pile up sediment or detached corrosion ahead of its 
travel thereby interrupting and blocking the closing of the valve 
and the practice of churning the gates through a number of turns will 
fail to relieve the operators’ troubles. To relate or even refer to the 
experiences in operating or, more to the point, in not operating gate 
valves would be to parallel in description the trials of every water 
works operator, but to criticise freely the valve design is unfair and 
the blame of a failure should rest where it properly belongs. 

In taking up the second phase of this subject which applies to 
design, there will be no direct censure. The valve manufacturers 
employ able engineers who welcome constructive criticism and me- 
chanics who correct, as far as possible, the defects of their respective 
contributions to the water works field. The City of Philadelphia 
has passed through several periods of valve acquisition. Installa- 
tions during early years included types with outside screw which does 
not revolve, but is attached to the gate and rises or falls passing 
through a hollow operating nut; the two to six way inclusive, Viney 
and Barton, depending on one stem engaging a plug which controlled 
all openings and the independent screws engaging their own respec- 
tive gates; also the Philadelphia Bureau valve which was designed 
and used from 1875 to 1922, although not exclusively, as extensions 
to the distribution system grew beyond the ability of supply from 
local manufacturers. During the later years of this period valves 
from the manufacturer were purchased and installed. Among this 
group were those from Smith, Eddy, Ludlow, Chapman, Nelson 
Fairbanks, Pratt & Cady, Rensselaer and Kennedy. 

The Philadelphia Bureau’s design was a solid wedge and in size 
from 3- to 48-inch, the body being in two castings with a bolted joint 
rendered tight by a cast and caulked lead filler functioning as a gasket 
and this type of joint also was maintained between the body and 
bonnet. Patterns were made in the Bureau shop and at time of 
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requisition were issued to local bidders with foundries and the rough 
castings as completed were forward to the Water Department where 
machining and assembly was made; a brass foundry connected with 
the Bureau shop furnished the auxiliary parts which in order were 
machined and placed by city workmen. Expression by present day 
employees is often heard favoring this old solid wedge type in a com- 
parison with those of modern design. All valves were installed in a 
vertical position which forced mains of the larger diameters to an 
undesirable depth. To afford a shallow laying through the city 
streets, the type known as the Butterfly, was inserted. This valve 
generally passed water, but on repair work the volume of leakage was 
fought successfully by the old time workman during his repair job. 

This letting down the bars and accepting the low bids endowed 
the city with a number of makes for which repair parts had to be sup- 
plied and carried. During this open gate period 48-inch valves with 
twin stems engaging a horizontal shaft, the terminals of which per- 
mitted the placing of a hand wheel, also the same size valve with one 
stem were installed, all hand power. 

Into the picture came 42-, 36-, 30-, 24-, and 20-inch gates laid 
horizontally, vertically and flat wise and operated through hydraulic 
means. The greater number of this group were installed upon filter 
plants and attendant piping. The type of joints on valves in Phila- 
delphia includes bell, flange and universal, the latter being generally 
in use on the High Pressure Fire mains. 

With little exception the design was the double gate type, there 
being no exclusion on wedge or disc features in any of the awards. 

In 1922, Philadelphia adopted a standard gate valve and a standard 
fire hydrant. This policy was prompted to a considerable extent by 
conference with water engineers of other cities. To insure against 
the criticism of discrimination it was ascertained that at least three 
manufacturers of size and integrity would participate in bidding and 
it was hoped the field would broaden. Drawings were prepared and 
the present practice in calling for bids is to specify the standard or 
Philadelphia type. The Philadelphia Bureau of Water judges the 
valve to be as efficient as present day design will provide, but I 
hesitate to comment on the economy of this practice. 

Especial reference to the design of present day gate valves would 
probably identify a make. I am strongly opposed to a number of 
operating parts for valve operation. Repair work in a flooded excava- 
tion has been interrupted by the dropping into water or mud some 
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wedge block and there follows a nervous search as the minutes slip 
away on a critical shut off. Spare parts are not always available. 
The piece needed on repair work so frequently is the one lacking in 
Bureau stock rooms. 

The method of securing seat and disc rings has in our experience 
been ineffective and a stop on the travel of the gates is at times lacking, 
thereby permitting the overlapping of contact rings. This trouble 
might be reduced by more care and refinement in the indicator attach- 
ment. 

Reference has been made to twin stems. The travel depends ona 
uniform pull or push applied to the heavy gate. To secure equal 
force factors, the horizontal power shaft on which beveled gears are 
keyed to engage the larger gear on valve stem should be firmly held 
in their bearings. Better construction of these journals is advisable 
and it is probable that efforts have been applied in design to eliminate 
the jump in operating shaft or the eccentric movements of bevel or 
spur gears on the larger gates. In order to remove and replace stem, 
the wedge action should be positive on both seats. Functioning 
properly there should be no pressure between the discs when the 
valve is closed. Also on some geared valves when packing a gland 
is required, a removal of the heavy gear bracket is necessary before 
work on gland can follow. A hole through gear bracket large enough 
to admit the passage of gland would be desirable and the companion 
flange on the bonnet of the valve could be adapted to this increased 
outside diameter of the bracket flange. 

Frequent operation of gates, where initial and continuing pressure 
is imposed on one side, results in the scoring of dise and seat rings 
to an extent that the valve will lose its value. 

This wearing is noticeably felt on the functioning of valves on 
supply lines to rapid filters. These valves can be reversed, presenting 
the opposite rings which in time will suffer similar wear. Finally new 
rings could be placed on both dises and seats. This repair work is 
a relief, but not a cure. Ultimately the bearing surface will require 
further attention of a similar nature. 

It was thought that design might be changed so that scoring could 
be prevented and close contact between rings would result only at 
the seating point of gate. A mod.fication in design that would re- 
lieve, during the travel, the pressure contact of rings on the negative 
side would be a step towards improvement. And this correction of 
design has been adopted by at least one manufacturer. 
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EXPERIENCES WITH GATE 


The size of piston on a hydraulic valve is designed for its service 
needs, yet we are frequently confronted with reduced local water 
pressure and a failure results in operation. Too large a cylinder is 
uneconomical and such a type of valve on street mains is open to 
criticism, whether vertically or horizontally set, as a deep water main 
is not good practice and to absorb for horizontal setting the cross 
section of a highway with so large a valve chamber is undesirable 
as the utilities, other than water, deserve consideration for street 
location. Recent installation in Philadelphia has added 54-inch 
horizontal hydraulic gate valves. No comment at this time can be 
offered as the conduit in which these valves are laid has not been 
placed in service. Rapid and smooth closing of valves is effected 
through an electric hook-up, but these installations are more or less 
confined to station areas. Philadelphia is inclined to feature stem 
character, size, pitch and shape of threads, all to insure strength, 
ease of operation and corrosion resistance. 

The tendencies towards standardizing in the water works field could 
be directed towards gate valves. Requirements as to strength and 
composition of metals, the number of turns on the respective sizes, 
could with no hardship to any of the manufacturers, be incorporated 
in a specification. 

Philadelphia specifies for its distribution service a right hand direc- 
tion for opening, as contrasted with all the fire hydrants which operate 
in an opposite direction. 

On valves on station steam lines, generally on plumbing installa- 
tions, the turn is to the left to open. 

To make the opening direction ‘‘clock wise’ would seem desirable 
and the street men could easily remember this direction as all are 
familiar with the term ‘“‘clock wise.” 

To insure against the dryness of gears, the freezing of stem threads 
in ball or nut and also to prevent the disintegration of gland packing, 
there is applied in Philadelphia practice a lubricating compound both 
in new water main construction and in a reassembly following repairs 
to gate. The faulty inspection and care after a gate is placed in the 
system is in no way a responsibility of a valve manufacturer and we, 
as operating engineers, should be familiar with the condition of our 
equipment and not delay until a critical emergency develops due to 
the negligence of our own operating forces. 

The improvements on gate valves for many years have tended 
towards additional strength in body section and a heavier and better 
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character of metal and although my comments have been directed 
somewhat to the inability of getting a proper operation, the fact stil] 
remains that many gate failures are due to our selection of a valve 
not equal to the burden imposed upon it. Several committees since 
1918 in the American Water Works Association have been selected 
to set up a specification for valves and fire hydrants. In the text 
of the Manual the findings are printed of the early group of men chosen 
from the field of water engineers and manufacturers. It is under- 
stood that the existing committee on Valves, Sluice Gates and Hy- 
drants will revise the early publication and that well formulated 
requirements as to character and strength of metals and some details 
of design will be incorporated ina new publication. = ~~ 9 
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molt RELATED TO NEEDED IMPROVEMENTS OF ~~. 
DESIGN 


The City of Chicago extends along the Lake Michigan shoreline ; 
for a distance of 20 miles, with an average width east and west of — 
approximately 10 miles, giving it an approximate area of 210 square _ 
miles. This entire area is underlaid with a network of over 3600 | 
miles of water mains, varying in diameter from 4- to 54-inches. An 

average of over one billion gallons of water per day course through 
this gridiron. This great volume of moving water represents a tre- 
mendous amount of energy. It must be directed into the proper — 
areas, in the proper quantities. 


the installation of over 30,000 stop valves in the system. 

From the foregoing it can be appreciated that these stop a ore oe 
form one of the major portions of the water supply system, and that 
their function is of the greatest importance, and absolutely vital to 
successful operation. This statement regarding the importance of 
stop valves in a water supply system applies not only to Chicago, 
but to any other city, great or small. 

The water works engineer, of course, fully appreciates the impor- 
tance of the stop valves in any distribution system under his control, is fs 
but it seems to me that in any discussion covering the merits orde- = 
merits of the present day gate valves, that particular piece of equip- ie i 
ment should be considered from the viewpoint of the designer, the _ 
manufacturer, the salesman, the buyer, and the operator. Each and > 
every one of these has an interest in the matter and od interest 
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? 
should be given careful consideration. Sth 


OPERATION 
Let us first consider the gate valve from the viewpoint of the en- _ 
gineer in charge of operation. Assuming that the proper operation of a 


'City Engineer, Chicago, Ill. 
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control, and at times it must be brought to a complete stanastill in 
the shortest possible time. This work of control has made necessary 
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the system is his ode fesiblion, the neice engineer gives little 
thought to the first cost of the valve. He desires a gate valve of the 
highest operating efficiency; one that will maintain its operating 
efficiency under rough usage, abuse, and even neglect. He is in- 
terested in the availability of repair parts, and ease of repairs. When 
there is a break in the line and damage results from loss of time in 
closing down a section, this man is held responsible for the loss. The 
experienced operating engineer knows how, if given high quality 
valves in the first place, and the proper maintenance forces, to keep 
these valves in good operating condition at all times by a system of 
frequent and periodical inspection and tests. But we are all aware 
of the fact that the operating engineer is seldom given a sufficient 
number of subordinates, or subordinates of proper training and ex- 
perience, or a sufficient appropriation to carry out properly this most 
necessary schedule. The men engaged in the actual operation of 
gate valves should be trained, experienced operators. They should 
be familiar with the design and construction of every part of the 
valves which they must manipulate, and only such men should be 
allowed to operate the equipment. High maintenance cost is often 
blamed upon the design or construction of a valve when in truth this 
high maintenance cost is due to neglect or abuse of the valve by inex- 
perienced workmen. And this blame should not be placed upon 
the operating engineer, but upon those responsible for withholding 


appropriations for properly carrying out the work. 


fi 


SELECTION AND PURCHASE 


Next let us consider the gate valve from the viewpoint of the en- 
gineer responsible for its selection and purchase. In almost every 
municipality the law requires that a contract for valves or any other 
equipment must be awarded to the lowest responsible bidder, but the 
purchaser must consider many other items besides the first cost. He 
must consider efficiency of operation, the strength of the various 
parts, the ease of making repairs, the availability of repair parts, and 
the life of the equipment. The municipal engineer, in almost every 
instance, has in his own mind a picture of just the valve he would like 
to buy. If he were free to do so he could write a specification cover- 
ing such a valve, but if he did write a specification embodying what 
he considers a 100 percent valve he would either be calling for a 
special valve, high in first cost, or he would be limiting competition 
to a very few companies. In order that he shall not be criticized for 
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limiting competition, or for increasing the cost of the water supply 
system, he must write a specification so broad that many manufac- 
turers may bid. From the bids received he must attempt to select 
one that is low enough in first cost to satisfy the mass of the taxpayers, 
and yet high enough in quality that the maintenance costs shall not 
be exorbitant. The water works engineer could reduce his mainte- 
nance costs by standardizing upon one make of high class valve, but 
here again he is open to criticism for favoring one concern. He is 
between the devil and the deep sea at all times in his efforts to carry 
out his work in a logical engineering manner as dictated by his ex- 
perience and knowledge, and, at the same time satisfy millions of 
taxpayers who have little or no knowledge of the problems he has to 
meet. 

The salesman is another factor entering into this matter of gate 
valves. He comes in direct contact with the operator and with the 
purchaser. He knows of their problems and difficulties, and he 
works with them and attempts to meet their requirements. Inorder 
to meet competition he requires a valve that is low in first cost. At 
the same time the salesman is the first to be criticized whenever a 
gate valve is unsatisfactory in operation, and for that reason he also 
wants a valve of the very highest quality. Often the manufacturer 
succumbs to the urging of the salesman for a low selling price and 
reduces the quality of his product to such an extent that his business 


Now let us consider the gate valve from the viewpoint of the manu- 
facturer. The designer, of course, carries out the wishes of the 
manufacturer. Their problems are identical. First of all, the 
design of the gate valve must be such that it will properly serve its 
purpose. It must be possible to open it or close it quickly and easily. 
It must be so designed that there is the least possible opportunity for 
foreign objects to prevent its satisfactory operation. Its construc- 
tion must obstruct, as little as possible, the flow of water. It must 
be made of such materials that each and every part is strong enough 
for the intended service. The materials must be such that there is 
no corrosion or erosion, and they must maintain their strength under 
hard service and changing temperatures over long periods of time 
with little or no attention. The manufacturer knows that the proper 
maintenance of his equipment is often neglected. The manufacturer 
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knows that his product must be of the highest quality and efficiency, 
and, yet, at the same time the price must be low enough to meet 
competition from manufacturers of inferior products. The present 
day builders of high grade gate valves maintain extensive laboratories 
and they have done a great deal of experimental work in order to 
find materials of the proper strength and quality for the various parts 
of their equipment. If they were free to do so, they could design 
and build a product that, within the limitations of gate valve design, 
would be satisfactory to the majority of water works operating en- 
gineers. But in order to maintain their organization upon a paying 
basis they must always keep in mind the selling price of their product. 
If they disregard manufacturing costs and build a product of the 
very highest quality, they are unable to meet competition, and if 
they meet competition as regards selling price, it stands to reason 
that they cannot produce a gate valve of the very highest quality. 
In order to operate his business satisfactorily the manufacturer must 
balance these two considerations. 

As I have said before, the average water works engineer could 
write a specification covering a high class valve which would serve 
his purpose if he were free to do so, and the manufacturer could 
design and build a high quality valve which would be satisfactory to 
the majority of water works engineers if the manufacturer could 
secure a fair price for that high quality valve. Any specification 
developed by the American Water Works Association should be an 
attempt to assist the water works enginer to get the high quality 
product that he desires, and to eliminate competition from inferior 
equipment so that the manufacturer can be sure of getting a fair 
price for high quality valves. I believe that all gears should be 
enclosed, not necessarily oil enclosed, but protected from all harmful 
elements. The stuffing boxes should have ample depth, the gland 
should be bronze or bronze bushed, the bonnet should be bronze 
bushed where the stem passes through, stems should be of bronze or 
suitable non-corrodible metal of ample strength, bolts should be 
wrought iron or brass, stem nut should be bronze or non-corrodible 
metal, wedges should be of a non-corrodible metal and dissimilar in 
order to reduce friction, rings should be of the highest grade bronze 
and carefully machined, in general, the valve should be fully bronze 
mounted. 
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CHICAGO PRACTICE 


In the Chicago distribution system we use a standard double disc — 
gate valve. We supply the manufacturer with the detailed working | 
drawings and the patterns. He simply builds the valve and delivers aos. fe 
it to the city. This standard Chicago gate valve is very similar to 
many valves now on the market. We claim for it no superiority, but 
it has saved us from the trouble of having valves of many varied 
makes in our system. In connection with our pumping station work 
we have installed many large gate valves of the solid wedge type. _ 
These valves have proved satisfactory. The majority of these valves _ 
are electric motor operated. In connection with motor operated 
valves I believe it would be well if some method were provided for — 
locking the limit switches once they are properly set. This would | 
prevent unauthorized persons from tampering with the limit switches — 
and thereby changing the travel of the gate. 

The Committee of The American Water Works Association, au- 
thorized to draw up a new specification covering the design and 
construction of gate valves, can help the water works engineer and ~ 
the manufacturer in a number of ways. First, this Committee, after _ 
extended conferences with manufacturers, purchasers, and operators — 
from all over the country, should be able to draw such a specification — 
that inferior equipment can be eliminated and competition be limited s | 
to valves of the highest quality. In the second place, this Associa- — 
tion should attempt to secure for the water works engineer such 
authority that he is not compelled to buy the cheapest equipment, but 
is allowed to use his knowledge and judgment in securing what he 
knows is best when considered from every angle. If the water works 
engineer is allowed to buy the best equipment the manufacturer will 
be assured of getting a fair price for his product, and he will not 
hesitate to produce equipment of the very highest quality. FS 

In my opinion more attention should be paid to machining the ~ 
guides in order that the gate may be held absolutely in its proper | 
position throughout its travel. It may be worth while in the case of 
solid wedge gate valves to face the guides with brass. No gate valve — 
can close, no matter what its design, if the travel of the gate is ob- 
structed by some foreign object. It would seem to me that greater 
provisions should be taken to keep all such objects from entering the 
distribution system. 

Mr. Gale Dixon, chairman of Committee No. 7, requested that 
this paper be limited to a discussion of gate valves, and in what I 


have prepared I have complied with his wishes. ne 
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Dork the pest ten or fifteen years there have been no radical 
changes in the design of gate valves. Some manufacturers started 
out with one standard design and later added other types. These 
additions were made in order to meet the demand from certain pur- 
chasers. They did not indicate any lack of confidence in their orig- 
inal product. Some cities have standardized upon the double dise 
valve with a side wedging action, some upon the double disc valve 
with a vertical wedging action, while other cities have standardized 
upon the solid wedge gate valve. It would seem therefore that there 
is no general agreement as to just what type of valve is preferable in 
all cases. The fact that there have been no radical changes in the 
design of these valves during the past ten or fifteen years would seem 
to indicate that, in general, the present day gate valve is satisfactory 
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considerably more power has to be applied to the gate mechanism — z 


remedy for this trouble, but is somewhat difficult to apply in prac- 
tice. As a substitute for this inspection, the leak survey seems 
promising. The reduction of leakage and waste is apt to strike a 
sympathetic chord among the guardians of the treasury, and since _ 
the dividing of the distribution system into districts and sub-dis- = 
-_triets for these surveys usually requires the operation of all the larger 


_ the detection of out-of-repair gates as a by-product instead of as a 
job in itself. 


‘ 


DISCUSSION 


= 


Harowp W. Griswo.p (Deputy Chief Engineer, The Water Bureau 


of the Metropolitan District, Harford County, Hartford, Conn.): _ 
This discussion presents the viewpoint of a municipal corporation, _ 
which for a number of years has followed the policy of buying com- _ 
mercial valves from the lowest bidder, on specifications which go 
somewhat beyond the present standards for gate valves of this 
Association. 

Most of the older valves in the distribution system of The Water 
Bureau at Hartford, Connecticut, were of the solid wedge type. | 
These were followed by the split wedge and later by parallel seat __ 
gates. In general, all three types have given satisfactory service, — ig 
and on only one lot of small gates in recent years have there been _ 
failures which could be attributed strictly to faulty design. 

With us, gate valve troubles seem to have come mostly from two 
sources: infrequent operation, and improper operation. 

With a gate left wide open year after year, it is not strange that 
some of the parts corrode, so that when the gate is finally operated, 


than is desirable, and in some cases more than is reasonable. 
Systematic and periodic gate valve inspection is advocated as a — 


ralves and many of the smaller ones, an opportunity is afforded for 


Human nature being what it is, there is an always present tendency 
on the part of the gate operating crew to take another half turn on a 
leaky gate, to fail to flush out the sediment that may be under the 
dises, or in the excitement prevailing during a bad break, to apply the 
same amount of strength to the closing of a 6-inch gate that they 

1523 


ical 
‘ted 
lese 
ur- 
ise 
ed 
re 
in 
he 
m 
AS 
? 
one 
a 


would use ordinarily on a 20-inch. A light wrench for use on the 
smaller gates, which will begin to spring and twist sooner than the 
oa oe gate stem, prevents considerable damage to them, while a truck 
with a power gate operating device equipped with brass shear 
- pins for the larger gates very satisfactorily replaces four men each 
- equipped with a piece of wrought iron pipe to slip over his arm of a 
heavy gate wrench. 
_ Even with reasonably good inspection and operation, the present 
_ A. W. W. A. valve should be improved to bring it on a par with the 
stock water works valves being produced by the more progressive 
manufacturers. Rotating or sliding surfaces should be generally 
brass to brass. The stem bearing in the bonnet, the stuffing box 
and stuffing box follower might well be brass bushed, and the contact 
surfaces of the wedging mechanism be faced with brass. Whether 
Fes ‘a or not the guides and guideways need to be brass faced on the smaller 
sizes of vertical valves is debatable. In large vertical valves where 
_ the design is such that, to prevent scoring of the gate and seat rings, 
the dise is held off its seat against pressure from one side until the 
gate is almost fully lowered, it would seem that brass friction surfaces 
_ on the guides and guideways would be desirable. 
Stuffing box follower bolts, which normally have to be taken up 
several times during the life of the valve, should be of non-corrodible 
metal, but not necessarily brass or bronze. 

Stem metal and stem diameters in the A. W. W. A. valve might be 


To reduce the power needed for the operation of large gates, brass 
_ bushings on the gear spindles would be helpful, and on the horizontal 
_ valves particularly, an enclosed gear case might be desirable to serve 


_ providing a reservoir for lubricant for slushing the gears during valve 
operation. 

_ The experience of The Water Bureau at Hartford, therefore, indi- 
— eates that the better class of commercial valves now on the market 
are satisfactory for water works distribution use, provided they are 
a operated with reasonable frequency and with reasonable care, but it 
ug is not thought that the present A. W. W. A. specifications describe 
a valve. 

Recently your Committee 7-E prepared a tentative draft for gate 
4 valve specifications, and in purchasing a small lot of valves, 6- to: 
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16-inch in size, the Water Bureau used a set of mppeiiitatintn —" on 
this tentative draft to see how they would line up with mnamuttsctusing a 
a Of the 10 bids received, 4 were strictly in pony with the 


hear largely, if not entirely, of the misbehavior of their product. : e, 
should like, however, to depart for a moment from this field of criticism me 
to make a statement from which the manufacturers may derive some _ 
comfort. 
The Pittsburgh Water Works has approximately 20,000 gate : 
valves in its piping system. During the last six years, our average — 
expense for gate valve repair parts, exclusive of the labor of installing 
them, has been less than $700 per year. We consider this anentirely __ 

reasonable amount, inasmuch as the gate valves represent an in- 
vestment of upwards of two million dollars. 
The present standard of the Pittsburgh Water Works is a nabte F 

disc, parallel seat type of gate valve, although we have in the system 


replaced gradually in the interest of standardization. 
of course, of iron body, bronze mounted pattern. 
From an operating man’s viewpoint, the ideal gate valve would be 
so designed, constructed and installed that, when an occasion arose 
to require its operation, it would be necessary only to apply the neces- 
sary operating force without fear of damage to the valve, and the © 
operation of opening or closing the valve would be performed _ 
promptly and with certainty. I imagine that there is no doubt in he 
any of your minds that this ideal has not been entirely realized, and, iy 
therefore, we may feel justified in saying that there is room for im- a 
provement in our gate valves. it 
The cause of most of our complaints with gate valves may be traced _ 
to the large forces that resist the operation of gates, especially when 
the pressure on the two sides of the gate is unbalanced greatly. This 
condition must be faced whenever it is necessary to close a valve in 
order to stop the eseape of water through a line break, and it is at 
just such times that the prompt operation of a gate valve is most 
important. ; 


Our valves are, 
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h material, and 4 offered the present A. W. W. A. val Cog 
Grorce L. Henprickson (Pittsburgh, Pa.): Inadiscussionofthis 
t the manufacturers of cate valves are undouhtedly nrenared to 
from the period before the standardization was inforce. ‘hese solid er 
wedge gates have served their purpose satisfactorily, but are being or 
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DISCUSSION 
The common approach to this problem has been to design the 
valve for the heavy forces that must be applied, relieving it as much 
as possible by the use of by-pass valves. In my judgment, the valve 
manufacturers have made a reasonably good job in this respect It 
would seem, however, that the possibilities of the other approach, 
that of decreasing the frictional resistance, have not been exploited 
so successfully. This is true, probably because of the additional ex- 
pense and complication that would need be built into a valve in sub- 
stituting rolling for sliding friction in handling the unbalanced pres- 
sures against the disc. In my judgment, however, there is a real 
field awaiting such a valve, especially with large sizes and heavy 
pressures. 

It is believed, also, that the wider use of non-rust ball bearings to 
take the thrust of seating and unseating valves, even hand operated, 
would be a distinct advance. 

Our experience at Pittsburgh would indicate the advisability of 
enclosing gears, and preferably, running them in a suitable lubricant, 
in order to prevent corrosion and fouling of gears, which contributes 
so greatly to our troubles in operating geared valves. 

Valve manufacturers have increased the strength of stems as 
stronger alloys came into use. We are now using manganese bronze 
with a strength of 60,000 pounds per square inch for stems. To the 
best of my knowledge, this material is as satisfactory as any in com- 
mon use. It is true, however, that nearly ninety per cent of our 
investment for gate valve repair parts is in stems and stem nuts. 
Stainless steel stems with a strength of 100,000 pounds per square 
inch, have been suggested by some manufacturers. We have had 
no experience with this construction, but it holds out promise of 
increased strength without changing the valve body design. 

The valve industry has made admirable progress in overcoming 
difficulties met in the use of their product, and it is hoped that the 
exchange of experience at this Convention may be of help to the Com- 
mittee of this Association in preparing specifications that will place 
our problems before the valve designers to the end that still further 
progress may be made in this very important element of every water 
works property. 


J. A. JENsen (Minneapolis, Minn.): The purpose of these nota- 
tions is to suggest remedies for certain difficulties in operating gates 
in the usual control of water in plants or in the distribution system. 
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New gates should operate smoothly and with certainty, except 
perhaps against the extreme pressure of a full flow break in the inain. 
Under this condition there would be an unbalance causing dise and 
seat rings to be in hard bearing contact which would give the working 
mechanism a very severe test, as well as show up its deficiencies. 

As the gates and water mains increase in age there is usually pres- 
ent an accumulation of corrosion, incrustation and sediment. All 
of these have their effect upon the operation of the gates. The im- 
portance of the troubles is increased with the size of the gates 
operated. 

When the difficulties in operation arise, one very important ele- 
ment is the time lost by delay in securing a complete shut-off in an 
emergency. No repairs can be started until the water is properly 
stopped or disposed of. 

The remedies suggested are those that will bring about improve- 
ments in mechanical design and those that are confined to overcoming 
troubles brought about by the action of water and attending ob- 
structions. 

Some gates have been devised with guides or tracks to keep the 
gate and seat rings from contact until the ports are covered by the 
gate disks. Such gates are usually easier to operate and there is 
little danger of damage to the gate and seat rings from hard bearing 
friction set up by unbalanced pressures. The possibilities of design 
in this direction are numerous. Obviously gates of this type will 
be more expensive, but the need could be confined to the larger sizes 
or to the gates in more important locations. The success of the dis- 
tribution system is based upon the dependability of the gates con- 
trolling the water. 

When corrosion, encrustants or sediment are present the disks may 
not recess properly or fully to cut off the water. This condition may 
result from infrequent operation of the gates and may be aggravated 
by other conditions. Where gates can be set in a vertical position 
the trouble is not as serious as where gates are horizontal. Sedi- 
ment whether from corrosion, or accumulations are usually deposited 
by the currents in the quieter water in the bonnet cavity as well as in 
the recesses for the gate disks, and prevent proper seating during the 
first trial closing. 

If the closure follows a break in the main it gives the operators 
many anxious hours. When the aperture is reduced in such a case 
the increased velocity will assist in flushing out the obstruction, but 
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it may be necessary to repeat the operation by turning the stem back 
and advancing the disks further on the succeeding trial until the 
materials in the recesses are broken up and removed. 

Gates operating under these conditions are usually under a very 
severe strain. It is generally necessary to close or partially close the 
next gate in the line to relieve the pressure on the gate nearest the 
break to assist in the final closure. These operations on the principal 
gate and bringing into use other gates delay the closure and the unin- 
formed are ready to criticise. 

Horizontal] gates have been constructed to set at an angle instead 
of a complete horizontal position. Where depth permits experience 
has been had with the axis of the stem raised 15 degrees from the 
horizontal and the obstructions have been much lessened because the 
sediment has largely followed along the invert of the pipe instead of 
rising to get into the bonnet. 

Some experience has also been had with double stem gates and on 
the larger sizes there has been greater ease of operation and less strain 
on individual nuts, threads and carriers. 

The remedy for these troubles: is more attention to the gates in the 
way of inspection and at least partial operation at regular intervals. 
It is, of course, difficult to simulate conditions attending a break, but 
a district around one of the valves to be tested should be closed off 
and a hydrant or two opened so that a flushing can be made through 
the partially closed gate when the test is made. In this way the 
operator will know the condition of the valve and mechanism and feel 
sure that incrustants and corrosion has been removed from the work- 
ing parts and faces of rings for the time being. 

Lubrication by enclosure of gears has been suggested. This is 
no doubt advisable because it provides ease of operation and clean 
gears. However, it should not be forgotten that gate chambers are 
apt to be submerged and care should be taken in regard to the charae- 
ter of the lubricant and also to see that the oil container does not re- 
tain water that might enter during submergence. 

Gates should be sturdy and of sufficient proportions to withstand 
the ravages of time and deterioration as wel) as the stresses of opera- 
tion. Aslight addition to first cost is the most economical insurance. 
There is always a tendency to purchase the lowest price article. In 
the purchase of valves it is the duty of those in charge not only to 
get the best valve for the initial outlay, but also for reliability and 


endurance in the distribution system 
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S. B. Morris (Pasadena, Calif.): Our experience with gate valves 
up to 24 inches in diameter shows these valves to be in general very 
well designed and constructed equipment if properly maintained and 
eperated. In the purchase of 21 separate water systems and their 
amalgamation into one coordinated water works, we have had ample 
opportunity to observe the effect of improper inadequate mainte- 
nance upon a wide variety of valves up to 24 inches in diameter. 

Like any other operating mechanism, a gate valve should not be 
permitted to remain fully opened or fully closed for an indefinite 
period without occasional operation. It is our practice to operate 
every gate valve in the distribution system at least once a year. 
Geared gates are inspected at least every six months at which time 
they are properly greased, and no oxide applied to the gears. 

In general, we find the packing used by the valve manufacturers to 
be too hard and inadequately lubricated. Frequent!y we find pack- 
ing so gripping the stem that the valve cannot be operated, or if 
forced the stem will be abraised by particles of bronze adhering to the 
packing. It is our practice to repack with graphited hydraulic pack- 
ing and grease all gate valves, new or used, prior to installation. 

At the annual inspection the valves are not only operated from full 
opening to full closure or visa versa, but any needed attention is 
given to the gate valve or box. The gate may be repacked, greased, 
or a new stem installed or otherwise repaired. Gate boxes are 
cleaned. Frequently they have been paved over or the covers are 
not at proper grade. Any such needed repair is made to gate valve 
or box and results of the inspection or repair are reported. 

From our experience we have the following suggestions to offer 
concerning improvements in design or manufacture: 

(1) Probably the most needed and simplest improvement is greater 
care in selection of packing and grease for the stuffing box and valve 
stem. A packing and grease should be selected which will give the 
longest life without becoming too hard or gripping the valve stem. 
Larger valves might well be equipped with a high pressure greasing 
system of the alemite type. 

(2) Oil or grease enclosed gear boxes for geared gates is a great 
improvement over the fermer open type which used to corrode so 
excessively. The use of enclosed gears should be generaliy adopted 
for distribution purposes. 

(3) Elimination of interior corrosion by some rust proofing process 
applied to the interior of the valve including the dises. At least one 
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large western city is now specifying a double dise valve with all 
bronze discs. In the speaker’s opinion an all bronze dise will not be 
quite so rigid and therefore more subject to damage by jamming than 
those of cast iron, though the use of all bronze is a complete answer to 
difficulties of corrosion between the discs. There still remains, how- 
ever, difficulty over corrosion depositing in the valve seat or causing 
striations across the valve face or seats. 

(4) It should be possible with some experimentation to redesign 
valve seats so as to make them more self cleaning by taking advant- 
age of scouring velocities of near closure. Deposition of silt, corro- 
sion or debris in valve seats is a frequent cause of jamming or other 
valve injury. 

(5) Greater attention should be given to designing valve parts so 
that they may be repaired or replaced with minimum street excava- 
tion and minimum time. This is particularly true of the stuffing box 
which it should be possible to repack through a small diameter valve 
box without tearing up pavement. Our men have developed many 
special tools for such work. Perhaps the manufacturers themselves 
might give attention to the manufacture of special tools for such 
valve servicing. 

Altogether, I should say that the manufacturer is doing very well 
in providing a dependable valve, but that the average water works is 
deficient in the proper servicing and maintenance of the valves after 


should clearly define the physical properties of all materials used in 
their construction, including bolts and jointing materials. As stated 
by both speakers, frequent inspection and operation of all valves 
should be made. Every valve should be operated at least once each 
year, and preferably twice. 

If any part of a valve fails it is to the advantage of the operating 
engineer to have the failure visible from the outside, but unfortunately 
this is not always possible. 

The advantage of stronger and heavier materials, consistent with 
reasonable economy, is apparent. Take a valve stem as an example. 
The threads are seldom stripped, and the spindles are sometimes 
bent, and engineers are demanding spindles made with stronger 
physical properties. 

For gate valves placed in the horizontal position, the tilting of the 


they are installed. 


A. V. SanpEerson (Toronto, Can.): The specifications for valves 4 
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wedge places an undue strain on the spindle. This has been over- 
come to a large extent by the introduction of guides in the body and 


sides of the wedge or discs. ; 

Another improvement which has been adopted by some municipali- _ 
ties is the scour holes in the lower part of the gate groove and the 
bottom of the dome. For larger valves they are usually 2 inches in 
diameter and are controlled with 2-inch valves operated outside the 
chamber. The scour valves indicate by the stoppage of the flow of 
water through them that the valves is completely closed, and any 
accumulation of sediment is easily removed from both ends of the 
valve. 


As mentioned by both speakers, it is very desirable to have as few 
working parts as possible. 
The valves should be designed with stops so that the overlapping 
of contact rings is impossible. It is very difficult to have this con- 
trolled by the refinement of the indicating apparatus. 
In valves of the solid-wedge type, no scouring of faces is possible 
with proper design. The guides should prevent any contact of the 
faces until the valve is very near to the ‘‘closed’’ position. With this 
ype of valve both the up and down stream faces of the wedge are 
tight when in the ‘‘closed” position. 
- The advantages of having one standard design, either from city 
_ patterns or from the patterns of the manufacturer are obvious. Par- 
ticular care is necessary to have sufficient strength provided in all 
“parts of the valve, including the flange between the dome and the 
stuffing box vasting, which must take the thrust when the valve is 
being closed. 

Machine-cut gearing for all teeth, and protection of gearing by 
housing are desirable. 


F. H. StrerpHenson (Detroit, Mich.): Mr. Gayton and Mr. Van 
Loan both truly state that the real test of a gate valve is its ability 
to do the work for which it was designed. The speaker agrees fully 
with Mr. Van Loan’s statement. “The design of any water system 
is at the mercy of valves.”” However, no particular valve or design 
should be criticized for failure to operate successfully when careless 
_ workmanship on the pipe line, lack of maintenance and periodic 
inspection, are the factors responsible for such failure. Valve de- 
_ signers should give careful consideration to the human element which 


on the nut housing. This is in addition to the regular guides on the __ 
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is present on all work and endeavor to make their product as fool 
proof as possible. No one is better qualified to advise on such mat- 
ters than the executive in close contact with valves in actual service, 

To the speaker it seems that rugged design, positive shut-off, 
liberal use of non-corrosive metal and adequate stem sizes and threads 
are very essential. Standardization is much to be desired and any 
water system large enough to warrant such effort may well adopt its 
own designs and patterns. 

The adoption of standard design helps to overcome some of the 
hardships described by Mr. Gayton, particularly where valves are 
purchased for a municipality whose charter is written to secure broad 
competition. There is no particular reason why responsible com- 
panies cannot bid on designs and patterns furnished by the purchaser. 

The experience of the Detroit Department of Water Supply has 
been similar to that of other large water systems. On January 1, 
1899, in the distribution system there were 6,581 gate valves of 12 
known makes and 43 of unknown makes. On January 7, 1899, the 
Civil Engineer of the Board of Water Commissioners was directed 
to prepare drawings and procure patterns for gate valves of all sizes, 
and on January 24, the Board authorized the receipt of proposals for 
furnishing 6- and 8-inch gate valves to be made from patterns fur- 
nished by the Board. This procedure was followed as soon as pat- 
terns for other sizes were procured. On January 1, 1900, there were 
in the distribution system 64 gate valves made from the Detroit 
patterns. On July 1, 1930, there were in the distribution system, 
23,181 Detroit gate valves and 5,312 of other makes. All new in- 
stallations and replacements are of the Detroit type. 

When the Board of Water Commissioners decided to standardize on 
gate valves, it had, among others, one make of the tapered solid 
wedge type, which had given satisfactory service for over 20 years 
and this type was adopted. After some experimenting the bevel of 
the tapered wedge was made uniform and each side of the beveled 
wedge slopes away from the center line of the valve 1 inch in 12 inches. 
In other words, if the lines of the wedge faces were extended to in- 
tersect, the angle between those lines would be 9° 31’ 36”. All gate 
valves close clockwise. The department builds wells of brick or 
concrete around all gate valves to facilitate inspection and main- 
tenance. The large iron cover on the gate wells is of material assist- 
ance to the operator in finding them at night or during the winter 
months when snow or ice is on the streets. 
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The Department has recently adopted the practice of enclosing all 
gears in oil tight cases which are filled to about half capacity with 
heavy oil or grease. Gears on the larger sizes are of cut steel. 

In 1923, Mr. Geo. W. Booth, Chief Engineer of The National Board 
of Fire Underwriters, in response to an inquiry from the department 
wrote as follows: 


The function of a gate valve or valves in a water distribution system is to 
shut off any section of main in case of necessity, in case of accident or for re- 
pair. The device selected for this service must necessarily be of substantial 
design and constructed of materials that are not subject to corrosion or de- 
terioration so that its reliability of operation may be assured throughout a 
long period of time. 


After enumerating several cities which after careful consideration 
had adopted the solid wedge type of gate valve, the letter continues. 


When the theory of the operation of a gate valve is understood, it is readily 
seen why the engineers, who designed the before enumerated gate valves, did 
not sacrifice any desirable operative feature in taking advantage of the reli- 
ability afforded by the simplicity of design of the solid wedge gate valve. 


T. J. SKINKER (St. Louis, Mo.): I have read with great interest the 
papers of Mr. Van Loan and Mr. Gayton. Mr. Van Loan has 
covered very carefully the troubles almost every water works man 
encounters with valves. Mr. Gayton has described more fully the 
troubles the water works engineers have in purchasing the valves. 
It may be as Mr. Gayton says, that, if the manufacturers were free 
to do so they could design and build a product that would be en- 
tirely satisfactory, within the limitations of the gate valve design. 

It is certainly true that the majority of gate valves give fairly good 
service, considering the abuse and small amount of attention they 
receive. I wonder, however, if a gate valve can be designed and 
manufactured at a reasonable price that will function satisfactorily 
in any normal position. I mean those in a vertical, horizontal, or 
flat position. What can we suggest that will help the manufacturer 
to improve the design and construction of his valve. 

I must confess that there is little or nothing I can say that would 
prove very constructive. I can only point out what trouble I am 
having, but in many instances I cannot offer a remedy. Some of our 
older valves are solid wedge and have been in service seventy years, 
ormore. The only trouble we have had with them is broken or bent 
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stems. 
service. 

For the past twenty years we have been using double dise valves 

with parallel seats. The principal trouble with these has been over 
seating in vertical valves and wedging mechanism failing to releage 
when opening on horizontal valves. Mr. Gayton feels that all 
gears should be inclosed, although not necessarily oil inclosed. | 
believe it would be better if they were all oil inclosed. He also men- 
tioned that stuffing boxes should have ample depth and should be so 
built that the gland could be withdrawn and packed without remoy- 
ing the other parts. The wedges should be so designed that they 
will function satisfactorily in any normal position. The seat rings 
should be fastened securely, for we have had a number of these pull 
out in cleaning mains and it was apparent that they had not been 
properly secured. 
_ We still specify manganese bronze for stems, but we are seriously 
considering stainless steel. I understand that in Quebec they have 
used stainless steel for several years and it has pleased them very well. 
In 6- and 8-inch valves we are using more bell and spigot valves 
than double bell valves. The length of the spigot should be sufficient 
to allow ample room for yarning and caulking at least eighteen inches. 
On taper seat double disc valves the full size opening should be 
maintained. The increased tensile strength of cast iron should be 
given consideration in any specification. 

Unless a double dise or solid wedge valve can be constructed so 
that it will operate efficiently in any normal position, our efforts 
should be spent in finding some valve that will do so. An effort 
should certainly be made to standardize on type of valve to be used, 
also on the threads on valve stems. All the valves should be placed 
in vaults or boxes so that they can be inspected and repaired without 
digging up the streets. On the larger valves cleanouts should be 
provided. 

On all lines 20 inches and larger the manholes should be provided 
in the line close to the valve, so that a man could enter the line to 
inspect, clean out, or repair the valves. Any specification adopted 
by this Association should exclude everything but the very best 
material. 

The cone valve has many interesting features and the manufac- 
turers make some very interesting claims for it They claim they 
have a 36-inch valve that one man can open or close in four minutes 
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See course, the workman is to blame for a good many troubles with 
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with a 12-inch wrench. The valve when closed is dropped tight and 
there is no possibility of tearing out a seat ring as in the case of gate 
valves, and no by-pass is necessary. When the valves are in the 
open position the seats are always fully protected and there is no 
possible chance for a valve to stick. 

While this is not a gate valve, I mention it here because if it has all 
these features that the manufacturers claim for it, and the price can 
be reduced to somewhere near that of the gate valve, the valve ques- 


tion, so far as the distribution engineer is concerned, is solved. 


J. E. Grpson (Charleston, 8. C.): I would like to see Mr. Kennedy 
prepare a written discussion and submit it to the Association, for the 
use of this Committee, on Stainless Steel Stems. I also want to 
make a plea for a better and more lasting bolt for the bonnet and the 

stuffing box; and indorse what Mr. Gear said about making a slot 
in the lower flange of the stuffing box, so that you can get at it with- 
out digging up too much of the street. We have had to take out a 
valve to replace the stuffing box bolts recently in Charleston. Of 
‘course, we are unfortunately close to the sea level. We get the salt 
water on our valves at times, and when we go to repack a valve, or 
replace it, the threads on bolts are gone. You have to put in new 
bolts. In the last three years I think we have had to replace the 
bonnet flange bolts in at least a half dozen valves. Now the thing 
is, use a little more brass in the seat rings, on the faces, on the gates. 
Make them stronger, use more brass in the stuffing boxes of the glands 
and the passages where the stem passes through the stuffing box 
gland. As Mr. Morris said, use a little better grade of packing and 
a little bit more of it. 


“the gate valve. He goes out and he does not use any judgment. He 
will put a six foot wrench on a 5-inch valve, and things like that. It 
‘is all the same to him. It is a valve. Many times we have to re- 
place valve stems on that account. I remember recently I had to 
repair a 12-inch solid wedge valve that was over forty years old. It 
was in perfect condition, and the reason that it had to be repaired 
was because the man used a six foot wrench on a 12-inch valve. 

On a 10-inch line we could not get the valve tight under any cir- 
cumstances whatever, and we took the valve out and set a new valve. 
An examination of the old valve with a candle showed light all around 
between seat and gate rings. What happened, I donot know. 1 [he 
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valve was Leldieae distorted, or the manufacturer did a poor job, be- 
cause we could find no indication of injury. 


b 

Harrison R. Capy (Hackensack Water Company, Weehawken, 
N. J.): This discussion would be incomplete if we did not refer . 
more particularly to the use of the standard water works valves in ms 
rapid sand filters. Of course, that is not what the valve is designed 
for, but it is a job that has been wished on it. We have a set of con- , 
ditions that are so different from the usual conditions that a water . 
works valve has to meet, that I believe we should bring that point 


up, and think of the possibilities of the valve that meets those con- 
ditions better. 

I would like to bring into this general discussion of experiences 
with gate valves a brief outline of the Jife history, to date, of a group 
of 80 20-inch valves over a period of 17 to 26 years. The conditions 
of wear and consequent leakage are typical, but the remedy was 
somewhat novel. 

The New Milford Filter Plant of the Hackensack Water Company 
consists of sixteen beds of rapid sand filters. The first unit of eight 
beds was completed in 1904. The remainder were completed in 1913, 
although a part of the beds were not in service until several years 
afterwards. 

Each of these beds has five 20-inch hydraulically operated gate 
valves controlling raw water influent, filtered water effluent, wash 
water inlet, wash water to drain and filtered effluent to drain in the 
usual manner. Three of these valves are in a vertical position in 
horizontal lines. One of them lies on its side in a horizontal line and 
one is in a vertical line. These valves were of the standard double 
dise parallel seat type with bronze mountings and the usual wedging 


devices 
Very little trouble was experienced with the valve operation for the - q 
first ten years that the original filters were in service. At the end of 
that time the eight raw water influent valves, lying on their sides in 
horizontal lines, gave some trouble, due to worn rollers which had to 
be repaired or replaced. Leakage in wash water valves had, how- 
ever, increased to a point where it was difficult to control the pressure 
tank level and a 24-inch valve was inserted in the main wash water 
line to reduce leakage between washing periods. This valve was of 
standard water works type and was subject to the very severe operat- 
ing condition of opening and closing between each washing, and as 
might have been expected it showed the effect of wear quite quickly 
and required frequent repairs during its period of service. 
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beds tight with the other three having a combined leakage of 50 
g.p.m. A test in 1916 showed a loss from the twelve beds to drain of 
120 g.p.m. From that time losses gradually increased until in 1930 
when there was a leakage loss to drain of about 1250 gp.m. Valve 
movement was slow and erratic. The wash water valves leaked 
badly and the main line valve had to be depended upon to keep con- 
trol of the pressure tank. A period of drought in 1929 emphasized 
the importance of water conservation and the necessity of a general 
overhauling of filter valves became apparent. 

An inspection of one of the 20-inch valves showed a condition which 
is typical of the standard street valve when used in rapid sand filters 
where the opening and closing operations are very frequent and ve- 
locities in some cases are very high. Seat and disc rings showed the 
effects of wear on the lower half, where tipping tendency of the down- 
stream disc, accentuated by high velocity, causes unequal wear on 
disc and seat rings. Wedging gear was somewhat worn and clogged 
with corrosion, also. A study of the piping layout made it imme- 
diately apparent that to remove the valves for shop overhauling 
would be prohibitively difficult and costly. Consequently it was 
decided to remove the working parts with valves in place and to make 
such replacements as were found necessary. 

Wearing effect as shown by inspection of the working parts and an 
analysis of working conditions and location of valves suggested the 
desirability of an entirely different style of working parts. Aside 
from the problem of designing and producing such parts, however, 
was the added difficulty of applying them to a body and bonnet not 
designed for them. Carefully designed and checked by an experi- 
mental rig for accelerated wear the working parts were made up and 
installed in a wash water valve which had the hardest service of 
all. Tightness and ease of operation were so satisfactory that the 
work of replacement was then pushed to completion on all of the 
eighty valves. 

The station maintenance force took down and reassembled the 
valves while the valve manufacturers furnished the new parts and 
supervised their installation. The whole job was completed in 
about three months and the filter plant kept in regular operation. 
The new valve parts consist of light cast steel discs with bronze 
rings that are designed to give the effect of a square bottom valve, 
and to provide effective guiding, uniform wear, and easily and prac- 
tically renewable wearing parts. 
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No wedging device is used and the light discs side themselves in 
the small clearance to a perfect seat. Down stream seats are pro- 
vided with a bronze replacement ring threaded into the main seat 
ring and arranged for removal with a spanner. Tests made about 
two months after completion of the revamping job showed a leakage 
of less than 60 g.p.m. for the sixteen beds to drain, where the thirty- 
two valves are exposed to leakage. Loss from wash water line was 
about of the same order. Raw and filtered water control valves, 
while not definitely tested, operate with a quick uniform action and 
show no apparent leakage on idle beds. 

All valves operate smoothly and with considerably less power 
than when equipped with standard parts with wedging mechanism 
to be released and forced home. 

I believe that this experience points to the conclusion that it is 
quite possible and economically practicable to produce a valve for 
filter plant use, and incidentally for other uses where similar operat- 
ing conditions exist, which is much superior in operating character- 
istics and low cost and ease of maintenance, to the standard water 
works type. 

I believe, that valve manufacturers can readily produce such a 
valve if a concerted demand is made by filter operators and designers, 
and it seems as if the need for this type of valve should be seriously 
considered by Committee No. 7. 


“ Mr. Patrick Grear: There is a good deal in what Mr. Van Loan 
says. I venture a statement that fifty percent of the valves in the 
water works systems throughout the country are from eight inches 
down, and I, myself, would like to see a good deal of attention paid 
to the design of those valves. 

There are three things that I think we should try to get. The 
first is some opportunity of flushing the sediment out of the bottom of 
the valve, without going to a lot of trouble. We might have some 
sort of blow-off arrangement whereby we could drain that out. 
Another thing is to have those bolts on top of the valves that hold 
the stuffing box made so you can handle them without picking the 
valve out of the stop box. One company designs our valves from 
eight inches down with the same sized spindle that is in the other 
diameters. They are different lengths, but they have the same 
thread. One of the troubles that we have is to keep enough parts 
to repair all the different kinds of valves we have in the system, and 
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all of the different sizes. There is one company that has the same 
sized spindle, the same thread, but different lengths, from eight 
inches down. That is quite a comfort when you have to replace 
the spindles, for you can take the long spindle and cut it off if you 
have to do so, and if it is the same thread, it will fit the other sized 
valves. It means that you can keep all of the spindles and only 
lose a little bit of the thread and that is not very much. 

The question of valves in the distribution system is quite impor- 
tant. Itisa thing that you have to have badly when you have to 
have it. But it will lie there for years without being used. Of 
course, we cannot afford to spend too much money on these valves 
from 6 to 8 inches down and make them very elaborate. There is 
always the question of finances mixed in with the matter. In the 
larger sized valves you can afford to spend a great deal of money. 
As I say, most of the valves in our system are from eight inches 
down. I would like to see some satisfactory arrangement made, 
I do not know how it could be done, so that the larger valves could 
be properly started in a moment. If there were a way of getting 

extra power on the valve stem with the first three or four turns, say, 
or perhaps a little more, and then the ordinary speed in opening 
after that, it would be much better. How that could be arranged I 


do not know. But it can be done, I suppose, if we try it. = 
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A SYMPOSIUM ON PIPE CORROSION AND CORRECTIVE 
MEASURES 


Matcoim Prrnie (New York, N. Y.): In the early days of water 
works development in this country it was recognized that some waters 
corroded iron rapidly while others did not. Water was accepted as it 
was found and the superintendent who had to distribute and answer 
complaints from a highly corrosive water was simply out of luck. 
Very little was done to make such waters less corrosive. When 
filtration of water supplies was introduced the out of luck superintend- 
ents increased in number. The bacteria in the sand of slow sand 
filters produced carbon dioxide (an acid gas dissolved in the water), 
and the alum treatment for mechanical filters consumed alkalinity 
and liberated carbon dioxide in the filtered water. Consumers who 
had voted bond issues for a clear sparkling safe water blamed the 
superintendent for keeping dirty pipes and he spent many sleepless 
nights trying to flush the dirt out of them. Of course, it was not 
his fault, but some engineers said it was and pointed to the clear 
filter effluent as proof. Lack of knowledge of what constitutes a 
corrosive water was the underlying cause of these troubles. 

Now that more is known about the effects of substances dissolved 
in water upon the various materials used for its distribution, great 
strides have been made through regulated treatment and selection 
of proper pipe materials towards the elimination of red water troubles. 
We know that free carbon dioxide in a soft water containing oxygen 
will cause solution of iron from an iron surface. Such a water has a 
low pH value which reveals its acidity more than the residual alka- 
linity does. The oxygen is desirable as it eliminates the flat taste 
similar to that noticeable in unaerated distilled water. It is fortu- 
nate oxygen is wanted because it is impossible to keep it out except 
in deep well pump installations delivering to tight systems and it is 
expensive to take oxygen out of water. The free CO, is not wanted 
and a large proportion of it can be expelled by aerating the water 
through spray nozzles. The pH is increased (acidity reduced) 
providing the water contains 4 p.p.m. or more of methyl orange 
alkalinity. even 2 or 3 p.p.m. of free 
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PIPE CORROSION 
CO, and that weakly bound to form bicarbonate alkalinity will still 
combine forces to attack iron. A practical scheme to overcome 
this difficulty is to give this CO, something besides the iron pipes 
E to hang onto. Lime not only will combine with the free CO2, but 
also will take CO, away from bicarbonates to form the normal car- 
bonate of lime. Caustic soda and soda ash are also used, but the 
or latter will not reduce bicarbonate alkalinity in a soft water and both 
‘s are much more expensive than lime. Their use may be justified, 


it however, in preparing water for industrial processes requiring very 
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r soft waters. 

E With alum treated soft waters lime used for corrosion prevention 
n must be added to the filter effluent in order to avoid interference with 
r coagulation. A pH well above 9 is maintained in the effluents of 
several plants in this way with most gratifying results in elimination 
; of red water. Care must be exercised not to consume all of the 
bicarbonate alkalinity with the alum before filtration and, if neces- 


sary, alkalinity, preferably in the form of bicarbonate or in the form of 
) powdered chalk or limestone, should be added artificially to produce 
| at least 4 p.p.m. alkalinity to methyl orange in the settled water. 
If coagulation control is neglected, unreacted alum may be present 
in the filter effluent to be precipitated by the lime and settle as a 
mud in dead sections of the distribution system. Iron and man- 
ganese if present will also be precipitated by the lime application. 

In soft waters small quantities of iron and manganese are not 
eliminated in the usual filtration processes. The high pH produced 
by lime treatment of the effluents, however, produces ideal conditions 
for their precipitation on surfaces with which the water comes in 
contact. It seems probable that a change in treatment of some 
soft waters stored in deep reservoirs where both iron and manganese 
are present in considerable amounts in the bottom water will prove 
advantageous. Coagulation with iron salts, at high pH values, with 
the aid of aeration, lime addition and possibly chlorine to carry the 
pre-filtration treatment through at a high pH seems likely to prove 
of value in specific instances. This would cause complete precipita- 
tion of the iron and manganese, and preclude after-precipitation. 
No other treatment than chlorination would be required for the 
filter effluent. Applied water high in pH value likewise precludes 
corrosion of filter equipment and underdrains. 

There is evidence in dead ends of some distribution systems that 
chlorination of the supply may be advisable to prevent bacterial 
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dionithe that directly or indirectly create we waiter conditions even 
though chlorination may not seem to be necessary to insure the 
safety of the water. Corrosion in dead ends is much more pro- 
nounced in most distribution systems than where circulation igs 
provided. Bleeding at dead ends produces relief at low cost, but 
prevention of corrosion would be in favor of conservation of main 
capacity when it is extended in the future to serve newly developed 
areas. Use of cement lined pipes for all future extensions for soft 
water supplies will greatly reduce such isolated troubles with red 
water. 

The high pH soft water is much less corrosive to iron pipes and to 
lead services than the former untreated raw waters. There is no 
further excuse for occurrence of lead poisoning from drinking water 
furnished through relatively short lead service pipes. A very soft 
water adjusted to a high pH value is more corrosive to zinc, however, 
than the former low pH water. It will go right after galvanized 
pipe linings and deliver a white turbidity in water drawn through 
new house plumbing of this material. There is no evidence of rapid 
action on brass pipe, and copper tubing shows no signs of being 
affected after five years’ use. 

It seems highly probable from modern experiences that the ulti- 
mate and most practical method of dealing with the corrosion 
problem and red water in outlying districts in the distribution system 
will prove to be a combination of three procedures: 

(1) Modification of water treatment by addition of alkalinity to 
protect the larger mains and all others in which rapid and moderate 
flow may be expected. 

(2) The use of cement lined pipe in making future extensions and 
re-inforcements of the distribution system, and the use of services 
of cement or lead lined iron pipes, or unlined pipes of copper, lead or 
red brass. 

(3) Modified chlorination to maintain as nearly sterile conditions 
in the mains as may be practicable. The use of the ammonia- 
chlorine treatment offers possibilities in this direction. 

Etwoop L. Bran (Providence, R. I.): Raw water at the Provi- 
dence purification works is drawn from Scituate Reservoir, which 
has a storage capacity of 37 billion gallons. This water is very soft, 
somewhat colored, and has a high dissolved oxygen content, except 
when drawn from the lower levels during the late summer and fall. 
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It is first aerated, then treated with about 0.5 grain alin, coagulated 
and settled, filtered, and again aerated. The double aeration to- 
gether with a long period for the subsidence results in an average 
indicated dissolved oxygen content of approximately 90 percent of 
saturation and an apparent free CO, content of slightly over 2 parts. 
The pH of this aerated effluent averages about 6.3 and the total 
alkalinity only 2.7 p.p.m. The total mineral content is around 20 
parts, of which 8 are sulphates, and the organic content is very low. 
These facts indicate there might be a distinct tendency for this 
water to attack metals. 

As a corrosion preventative hydrated lime is added. This is fed 
by a Hamblet Machine Company screw-feed machine dropping into a 
conical hopper, from which it is washed into the plant effluent 
at the entrance to the conduit and tunnel. As there is no 
provision for storage of filtered water at the plant, this is the only 
point at which the lime may be applied. Mixing is accomplished 
in the passage through the gravity aqueduct, having a cross-sectional 
area of 44 square feet and approximately five miles in length, con- 
necting with the main arterial feeders of the distribution system. 
The amount of lime used is controlled by the pH of the water; tests 
being made on samples taken from the conduit at a point 1000 feet 
beyond that of lime application, and also on daily samples from taps 
in the distribution system. 

This plant was put in operation in late September, 1926. During 
the first fifteen months the plant effluent was maintained at pH 7.4. 
Since nearly all the service connections in the Providence system are 
lead, the corrosion of lead was the primary thought in the treatment, 
it being believed that reduction of the carbonic acid to a minimum 
would stop solution of lead. During the years 1928 and 1929 the 
pH was carried at about 7.8. The pH of 7.4 proved sufficient to 
keep the average lead content at taps well below the standard of 
0.10 p.p.m. and the pH of 7.8 dropped the average down to 0.02 
parts. In December, 1929 the pH was raised, for the purpose of 
reducing the solution of iron, and an average pH of 8.7 has since been 
maintained. 

Solution of lead was somewhat reduced by this increase of pH and 
some interesting results were produced, which are shown in tabular 
form below, indicating that over twice as much iron was dissolved 
from the pipes in 1929 at a pH og 7. 8, as fers: dissolved in 1930 at a 
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pH PARTS PER MILLION 
Aerated effluent............... 6.2 |°6.3.} 2.4 2:2 0.12 | 0.06 
7.8 | 8.7 | 0.3.| (1.2 Alk.) |.0.26:| 0.19 


Aerated effluent, plant effluent just before lime dosage. 
_ City tap, representative household tap water in distribution system. 


ie Hydrated lime dosage in 1929 was 0.185 g.p.g. and in 1930, 0.257, 

or 36.7 pounds per million gallons. The net cost of the lime, which 
must contain at least 90 percent of available hydrate, F.O.B. the 
nearest freight station, packed in 50 pound paper bags, carload lots, 
is $12.24 per ton. Cost of unloading and trucking the one and one- 
half miles to the plant, which is done by the department, is estimated 
as $1.25, making a total cost of $13.50 per ton. Cost of the lime 
dosage of 0.257 grains is, therefore, $0.25 per million gallons. Sat- 
uration of calcium carbonate by the addition of hydrated lime would 
require approximately twice this amount or 0.5 g.p.g. 

Maintenance of a pH of 8.7 with a total alkalinity of less than 8 
parts does not entirely prevent corrosion, of course, for, as pointed 
out by various investigators, the solution of iron is not stopped by a 
pH of 8.0 or 9.0 or by any pH near this point, when fresh surfaces are 
exposed. Conditions in the major part of the distribution system 
are, however, very satisfactory under this treatment. Iron content 
at household taps is so low as to cause no complaint of staining, and 
tubercles formed in pipes are small and not numerous. The few 
corrosion complaints received are due principally to corrosion of 
galvanized iron in hot water systems. 

In dead-ends the effectiveness of this treatment is greatly reduced 
and discolored water results. In certain suburbs of the system build- 
ing of homes has been very rapid during the past three years and the 
mains have been pushed out farther and farther without grids, so 
that there are numerous dead-ends one-third of a mile in length and 
some that are over one mile. There are no sewers in these sections 
and, therefore, consumers are sparing in use of water. It is the 
practice of the department to blow off mains only upon receipt of a 
complaint and in most of these ends, if undisturbed, a color of 40 to 
60 will develop and in a few cases it has been found advantageous to 
install bleeders. Inasmuch as the maximal flow of water needed on 
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any bleeder is less than 2000 gallons per day, the value of water 
wasted in a year is less than the cost of a single blowing-off and, 
therefore, this is much the cheaper, as well as the more effective, 
method of maintaining entirely desirable conditions. 

In numerous instances water in dead-ends has been of such quality 
as to cause no complaint until after unusual fire use has occurred. 
This draft has apparently removed whatever protective film existed 
on the pipes, after which corrosion of the fresh surfaces took place 
causing complaints of red water. In those ends where the water is 
not further disturbed apparently a protective film is formed in ten 
days to two weeks, sufficient to hinder or reduce the diffusion be- 
tween the metal surfaces and the moving water in the pipes. This 
film may be merely a thin layer of iron rust. Whatever it is, the 
iron content of the water moving through the pipe reaches a maximum 
in about this time, after which it reduces very markedly. 

A step in the right direction in the control of corrosion of pipes, 
especially in the outlying districts, has been taken by the City of 
Providence within the past year by the adoption of specifications for 
inch cement lining in all case iron pipe under 24-inch. Many 
grids have also been laid to eliminate dead-ends. Alkalinity result- 
ing from the use of cement-lined pipe in dead-ends, is objectionable 
for a period of only one to two months and this period may be short- 
ened considerably if the water in the pipe is drawn off once or twice. 

The hydrated lime treatment appears to me to be very reasonably 
effective as now controlled. There are, of course, distinct evidences 
that a higher dosage might be even more effective in preventing 
corrosive action and a slight increase may be made. I doubt the 
advisability of increasing the dosage on this water to the point of 
carbonate saturation when all the advantages and disadvantages 
are considered, including what might be termed the “damaged 
palatability.” 

In the application of lime or any other chemical for corrosion 
prevention, there is one provision which should always be made 
beforehand. No matter how nicely a treatment or filtration process 
is controlled, there are always some solids in the plant effluent, and 
addition of corrosion preventatives will upset the chemical balance 
causing some precipitation. This may be slight, but even a fraction 
of one part per million will cause accumulations of sediment in the 
mains during periods of low consumption, which will later cause 
complaints. A period of storage after the final chemical treatment 
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would allow flexibility i in the and would, in many 


eases, avoid troubles as a chemical equilibrium would be established 


before the water entered ironmains. 

James M. Carrp (Troy, N. Y.): Requests having been made that 

something be said about the treatment of the water at Harrisburg, 
Penna., to prevent pipe corrosion, it would seem advisable to refer 
to the JOURNAL OF THE AMERICAN WATER WorKS ASSOCIATION, 
Vol. 19, No. 4, Page 358, April, 1928. 
_ In this article, “Treatment of Filtered Water With Lime at Har- 
risburg, Penna.’ Mr. Gould has given a good description of the 
source of supply, method of treatment and the treatment works, 
with the results obtained. 

This treatment certainly stopped corrosion and “red water,” 
by reducing the free carbon dioxide and the dissolved oxygen. How- 
ever, it was found that the impellers of the pumps were coated witha 
deposit which reduced their efficiency, and that some of the smaller 
pipes in the houses were being rapidly filled with deposits. This 
treatment carried the hydrogen ion concentration above 8.0. 

The lime treatment was discontinued in december, 1928; and no 
treatment was applied to the filtered water until May, 1929, when 
some complaints as to “red water’’ were received. 

In the operation of the plant at the present time, the dose of liquid 
chlorine is divided, sufficient being applied to the unfiltered water 
so that the filtered water contains an average residual chlorine of 
0.02 p.p.m. 

This treatment seems to oxidize the iron and manganese of the 
raw water so that it is readily removed by coagulation and filtration. 

For the year ending February 28, 1931, the average iron in the raw 
water was 0.036 p.p.m., filtered water 0.001 p.p.m.; the average 
manganese in the raw water was 0.002 p.p.m., filtered water 0.00 
p.p.m. 

Commencing in May, 1929, soda-ash was added to the filtered 
water when the hydrogen ion concentration was below 6.9. At 
the start of this method of treatment, it is not advisable to bring the 
hydrogen ion concentration up to 7.2 at once, but to work up to this 
point gradually. 

Since May, 1930, the hydrogen ion concentration of the tap water 
has been 7.0 or above, and no complaints as to “red water’ or ‘stop- : 
page of pipes by deposits have been received. aby A ponte wv 
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W. A ORROSIO 
lany During the year ending February 28, 1931, the average amount _ 
shed of soda-ash used was 0.093 grains per gallon, or slightly iess than 14 
“a pounds per million gallons. ~ 
Ms During the past year the iron content of the tap water was 0.023 
that p.p.m., and it is felt that this is due to some of the old deposits be- ie. Aree 
urg, coming softened and going into solution; for it has been noted in 
efer several places where it was necessary to cut into the mains that the } 
‘ON, old deposits were gone and the coating appeared clean and black. i 
It might be of interest to cite another case where some of the mains — 
far- were over 100 years old and badly “tuberculated,” and ‘“‘red water’ 
the complaints were frequent. 
ks, Treatment of the filtered water, pH 6.7, was started in 1927; soda- 
ash being added in gradually increasing amounts until at the present 
r,” time a pH of 7.0 to 7.2 is maintained. 
W- Before the soda-ash treatment the iron content of the tap water — 
1a was 0.18 p.p.m., while recent results show an iron content of 0.01 ‘a 
ler p.p.m. 
Lis Reports indicate that the mains are now free from “tubercles” 
and that the coating is clean and black; no ‘“‘red water’’ complaints 
10 | are heard. 
a) It is not the intention to convey the idea that the soda-ash treat- 


- ment will cure all corrosion ills. The type of treatment to be ap- 
plied, lime, caustic soda, soda-ash or sodium silicate, depends upon _ 
class of water. 
No matter what treatment is applied, do not expect immediate __ 
results. 


_ Kerru R. Curnn (West Palm Beach, Fla.): The watershed of the 
West Palm Beach Water Company covers about twenty-five square 
miles and consists of two lakes—Lake Mangonia and Clear Lake— . 
and the swampy land between the lakes and to the west of them — 
connected by a system of canals. Consequently the raw water, as oe 
taken from Clear Lake at the plant, is very soft and highly colored — 
because the water is all surface run-off and contains a comparatively — 
large amount of dissolved organic matter from the vegetation of this 
‘swampy land. 
This color, as well as the alkalinity, the hydrogen ion concentra- _ ; 
tion, and other properties, are subject to decided changes during the 
year which calls for corresponding changes in treatment. 
The facts are apparent that a soft, slightly acid water is quite 
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corrosive to iron 
aggravates this corrosiveness. The use of aluminum sulphate as an 
agent for color removal frees large quantities of carbon dioxide that 
remains in solution in the water unless removed by means of aeration 
or neutralized by combining with added alkalinity. 

In the design of our new plant, which was put in operation Jan- 
uary 1, 1927, double aeration was made possible. The water ig 
first aerated immediately after the addition of the aluminum sulphate 
and at the point of falling into the coagulation and sedimentation 
basins. Some of the carbon dioxide is liberated here, but as the 
action of the coagulant is not complete at this point, it is impossible 
to liberate all of it. The second aeration takes place after filtration, 
using the residual head from the filters for pressure, and just prior to 
entering the pure water reservoir. After leaving this second aeration 
the free carbon dioxide is reduced to from 2 to 5 p.p.m. This last 
vestige of carbon dioxide is neutralized and the hydrogen ion con- 
centration of the water adjusted to about pH 9.2 by the addition 
of a small quantity of calcium hydroxide. While the dosage of 
calcium hydroxide increases the hardness of the water about 10 
p.p.m., we still have a hardness of only about 55 p.p.m. 

Prior to the building of the new plant, the water was delivered 
to the city with a hydrogen ion concentration falling between pH 
6.2 and pH 7.0. Inasmuch as the company adopted the policy, 
back in 1924, of using only cement lined cast iron mains where put 
in new or for replacements, the apparent corrosive properties of the 
finished product caused no alarm. That real “red water’’ trouble 
existed, came forcibly to our attention in the latter part of 1928 
when it was found that the conditions of the past had set up con- 
siderable corrosion in some of the older sections of the distribution 
system. This was evidenced by a rather sudden flood of complaints 
of “red water’? and poor pressure. We immediately started to 
experiment with varying dosages of calcium hydroxide in the pure 
water. We decided to try holding the hydrogen ion concentration 
of the city water at about pH 7.5. It was soon evident that this 
would not give the desired results and it was raised again to about 
pH 8.0. At this time we entered the rainy season, the alkalinity of 
the raw water dropped radicaliy, and our “red water” trouble began 
again. A thorough physical and chemical examination of the pipe 
was made in the affected areas. This showed that the coating of 
rust existing in the mains consisted of ferric oxide, ferrous oxide, 
and ferric hydroxide with a slight trace of aluminum hydroxide. 
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experienced this precipitation on two occasions, we now are using a 
test for free alumina in our laboratory as an aid to closer control. 
The organic coloring matter in the raw water is often present in 
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It was decided th y, first, to keep 
the dosage of aluminum sulphate at such a point as to give a product 
from the last aeration whose alkalinity would be between 5 and 8 
p.p.m., hydrogen ion concentration at or near pH 6.5 with as little 
free carbon dioxide as possible. Maintaining this residual alkalinity 
is evidence that the aluminum sulphate is not dosed in an amount 
that will use up all of the available alkalinity. Should that occur, the 
amount in excess would pass through the filters as dissolved alumi- 
num sulphate and reacting with the caleium hydroxide would form a 
colloidal suspension of alumina which would precipitate in the dis- 
tribution system where the velocities are low. Changes in velocity 
of flow would pick up the aluminum hydroxide colored with iron 
and deliver dirty water to consumers in the vicinity. After having 


greater concentration than can be effectively coagulated by the 
amount of aluminum sulphate which is just sufficient to react with 
all of the alkalinity naturally in the water. In these circumstances, 
alkalinity is added to the raw water prior to alum treatment in the 
form of calcium bicarbonate present in a natural well water. This 
well water is pumped into storage tanks and used for washing the 
filters. It has an alkalinity of 90 p.p.m. By feeding metered pro- 
portions of this well water into the raw water intake, sufficient 
alkalinity can be introduced to react with all of the needed dose of 
aluminum sulphate. The addition of this alkalinity in the bicar- 
bonate form has very little tendency to set the coloring matter as 
has often been found to be the case when sodium carbonate and 
calcium hydroxide are added to colored water. 

A balanced control, therefore, for the introduction of well water 
and application of alum produces an effluent from the filters which, 
after aeration, is practically neutral containing no undecomposed 
aluminum sulphate and but from 2 to 5 p.p.m. of free carbon dioxide. 
This free carbon dioxide is immediatety neutralized by the addition 
of lime as the water enters the pure water reservoir, and a sufficient 
amount of bicarbonates are changed to carbonates to result in a 
reduction in hydrogen ion concentration to pH 9.2. In these cir- 
cumstances there is no secondary reaction causing precipitation in 
the distribution system and the tendency of the water to attack 
exposed iron surfaces is reduced to a minimum. These changes in 
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laboratory control have greatly improved the 
quality of the water delivered to the consumers. The old pipes of 
the distribution system, however, which were badly incrusted with 
iron deposits due to the acid water formerly delivered through them, 
are still a problem in the distribution system. Many such pipes 
have been replaced with cement lined pipes in recent years and others 
will be similarly replaced as the demand of consumers upon them 
increases. Some of the larger unlined mains can be cleaned and 
their capacity increased from 20 to 50 per cent in this way. It is 
expected that the incrustation will return very slowly in the cleaned 
pipes, if the present method of water treatment is continued. In 
the renewal of all services copper tubing has been adopted as standard 
and has proved absolutely satisfactory in operation. 

In order to be prepared for the change in raw water quality re- 
sulting from the drawing down of the lake levels in an extended dry 
period, certain experiments are being undertaken to demonstrate 
the best treatment of such a water. The experience in 1921 when 
the raw water hardness exceeded 100, indicated that aluminum 
sulphate was an expensive and unsatisfactory coagulant for such a 
hard colored water. It is thought probable that the substitution 
of ferrous sulphate for aluminum sulphate followed by the addition 
of lime after influent aeration, will materially reduce the cost of 
treatment should conditions similar to those in 1921 be encountered 
again. 

While we still have much to learn about corrosive waters and 
corrosion of pipes, we feel that we have been very successful so far 
in caring for these problems as they have arisen in the operation of 
the water systems in West Palm Beach and Palm Beach. 

R. W. Firzapraup (Norfolk, Va.): The chief asset of any water 
department is a thoroughly efficient distributing system. One of 
the greatest obstacles to the maintenance of such a system is the 
corrosion of the pipe lines. Corrosion in the distributing system 
not only causes numerous complaints on account of rusty water, 
but increases friction loss, decreases carrying capacity, and through 
pitting eventually destroys the pipe line itself. 

Almost all classes of waters will corrode or dissolve some iron. 
However, the softer the water and the lower the pH value usually 
the greater the corrosive action. In the case of Norfolk the filtered 
water has a total hardness of about 2.5 g.p.g.; a total alkalinity of 
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the following points should be borne in mind: 


- clearly shown that the Gunpowder River used as this source of sup- 


_ water is naturally corrosive, necessitating corrective treatment. 


) NO. 


21 p.p.m.; a free carbon dioxide content of 10 p.p.m a pH value 


and 
of 6.6. This water would appear to be and is rather a corrosive one. 

To destroy the corrosive action of this water hydrated lime is 
added by dry feed immediately following filtration. The total 
alkalinity is raised to an average of 33 p.p.m.; the free carbon dioxide 
is eliminated; and the pH value is raised to 8.4. At this pH vaiue 
the water is just saturated with calcium carbonate. The pH value 
is used as a control test on the process. This test is made at intervals 
of one to two hours throughout the day. The amount of lime added 
is governed by the results of these tests. The average amount of 
lime necessary to treat the Norfolk city water is 80 pounds per mil- — 
lion gallons of water or approximately 0.6 g.p.g. The average cost — 
of this treatment is $0.40 per million gallons of water. 

Since the advent of the use of hydrated lime in the treatment of 
the Norfolk city water the complaints from “red water” have prac- 
tically ceased. The few exceptions to this rule have occurred on 
“dead ends.”’ This condition can best be remedied by periodic — 
flushing of the system in these particular localities. Less tubercula- _ 
tion has been found in the distributing mains since the lime treat- 
ment has been applied. The lime treatment has had no detrimental 
effect on either the taste of the water or on the proper operation of 
meters or service cocks. 

With reference to the use of the lime treatment to control corrosion 


a. The pH value of the water when it is saturated with calcium carbonate 
should be determined. re 

b. The water should be just saturated with calcium carbonate. 

c. The control test is a simple pH value test which any filter operator can 
be taught to make. wea 

d. The tests should be made often enough and the sampling point should 
be so located that the results will be representative of the general 
treatment of the delivered water. . 

e. The amount of lime used should be governed at all times by the results > 
of the control tests. fe 


Epwarp S. Hoexins (Baltimore, Md.): Previous articles have 


ply, is a moderately soft, typical eastern seaboard water. Such a 


Continuing the policy inaugurated by Baylis' in 1922, lime has been 
1 Baylis, John R., Bag! Cour!’ teed! enw fails to 
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added to the filtered water for this purpose. With changing buffer 
characteristics of the water in the past few years, it has been pos- 
sible to maintain complete absorption of carbon dioxide at a pH 
value of 8.0 instead of the initial higher 8.3 value. The relationship 
of carbon dioxide to pH was checked weekly by the calcium car- 
bonate test. This procedure has reduced the lime dosage from about 
0.45 in 1922 to 0.30 g.p.g. in 1930 as the average daily application. 

The control of this chemical has been very satisfactorily maintained 
using a Leeds and Northrup recording potentiometer with a tungsten 
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electrode. The charts utilized on this device 
H ion concentration record of the water as delivered to the city. 
Careful supervision of the curve trends enables the plant operators 
to maintain pH values within narrow limits of error. 

Lime application cost 16 cents per million gallons of water pumped 
in 1930 and 32 cents in 1922. Such a large saving is attributed to a 
decrease in the cost of lime in recent years, and also to a reduction 
in the alum used for coagulation. In 1922 an average of 1.04 8.P.8. 


of alum was necessary and in 1930 but 0.56 g.p.g. Sei ation 
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The benefits detained by such treatment amply iemtite. its cost. 
Figure 1 gives a comprehensive picture of the H ion concentration 
of the water as supplied to the city. It shows that sufficient alka- 
linity has been constantly maintained to eliminate cold water 
corrosion. This is confirmed by daily iron analyses. The water 
leaving the plant contains between 0.03 and 0.10 p.p.m. Fe. Tests 
from a tap on the distribution system, after passage through an open 
balancing reservoir, are in close agreement with this value, usually 
about 0.02 p.p.m. higher. 


Fig. 3 


The distribution system is in three phases; the low service area is 
directly supplied from the plant; the middle service area is supplied 
from open balancing reservoirs into which water is pumped from the 
low service; and the high service area is supplied by a second group 
of open reservoirs obtaining water from the middle service. Hydro- 
gen ion concentration studies of water from the reservoirs and from 
corresponding tap sources, gave curves in very close agreement with 
each other. This is shown for all sections of the city in figure 2, tap 
samples only being plotted. These values are comparable for all 
areas within practical limits, and excessive reduction of alkalinity does 
not occur as the result of passage through the balancing reservoirs. 
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The practi hich is also supported by 
he data in the curves, is given in figures 3 and 4. The pipe shown 


in figure 3 is from the low service area. Sample no. 1 had been in 
service about 20 years; no. 2 about five years and no. 3 about 4 years. 


TABLE 1 
Ratio of Fe to Ca in scale 


SERVICE SPECIMEN ante. RATIO REMARKS 
( 1 20 1:0.037| Excessive pitting 
ol. 2 5 1:0. 146) ‘“‘Egg shell’ scale only 
body 3 4 1:0.165| ‘‘Egg shell’’ scale only 
( 1 40 1:0.061) Pitting and rust deposit 
shell’’ coating 
5 | 1:0.119) shell’’ scale only 


These specimens were located about eight miles as average distance 
from the plant and in different parts of the city. In figure 4 the 
pipe is from the middle service area. Sample no. 1 had been in 
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large number of red water complaints were received when hot water 


service about 40 years; no. 2 about 4 years and no. 3 about 5 years. 
They were located about 3 miles average distance from the secondary 
reservoirs in each case. 

The photographs tell a clear story. Previous to the treatment of 
the water with lime, excessive pitting with considerable deposit 
occurred. This was particularly true of the pipe 40 years old. That 
in service for 20 years was pitted with many tubercules, but no 
matted deposits. After treatment, only the “egg shell’’ thickness 
of protective coating is found. This is true for all sizes of pipe in- 
spected from { to 12 inches in diameter. 

That corrosion is prevented by deposited calcium carbonate is 
shown by the analysis in table 1. 1 

CONCLUBIONS, io teed od} 

Absorption of carbon dioxide by the use of lime is practical, cheap, 
and easily controlled. This procedure assures the elimination of 
“red water’ troubles in water. Excessive amounts of lime will tend 
to clog smaller pipes and must be avoided. This may be prevented 
by careful supervision or automatic regulation. This treatment will 
adequately protect service pipe, thereby saving in a few years, sums 
many times in excess of its cost. 

Appreciation is acknowledged of the assistance given by D. H. 
Goldsborough of the Distribution Division for his many courtesies, 
and for securing the specimens of pipe used in the investigations. 


E. G. McConnetu (Charlotte, N. C.): Charlotte obtains its 
water supply from the Catawba River. The purification processes 
are plain sedimentation, coagulation, filtration by rapid sand filters, 
after treatment with hydrated lime and sterilization. 

The average demand is 6.2 m.g.d. or 72 gallons per capita. The 


raw water has an average turbidity of 60 p.p.m., erythrosine alka- 
linity of 15 p.p.m., soap hardness of 11 p.p.m. and pH of 7.0. 


Charlotte has never had a very serious corrosion problem. Sev- 


- eral years ago it was the practice to add about 2 g.p.g. of lime to the 


raw water prior to coagulation. This lime sufficiently raised the 


_ pH of the water supplied the city to minimize corrosion difficulties, 
although it was not applied for this particular purpose. About 
- seven years ago this preliminary lime dosage was discontinued. 


Within a few months or during the following winter months, a 
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The pH of the Ww 


v 
after the lime dosage was stopped was about 6.5. Steps were im- d 
mediately taken to again add lime, but after filtration, to raise the 
pH to 7.5. Since this was done there have been very few red water t 
complaints. It is nothing unusual for less than a dozen consumers 
to complain of this difficulty during the five so-called hot water ] 
months. 

The raw water pH of 7.0 is reduced to 6.6 through the purification 
processes. This is raised to 7.5 with hydrated lime applied with a 


dry feed machine. To raise the pH this amount, an average of 38 
pounds of lime are added per million gallons at a total application 
cost of 28 cents per million gallons. 

Since the lime is added after filtration, great care is taken to secure 
the best quality of lime commercially available. At Charlotte, 
this has been found to be a high calcium lime produced as a by- 
product of the marble industry in East Tennessee. This lime 
averages 95 percent calcium as hydroxide and contains only a trace of 
magnesium. The material passes a 100 mesh screen to the extent of 
98.5 percent. Since using this high grade product there have been 
no complaints from sediment or insoluble matter in the water as a 
result of lime application after filtration. 

(Boston, Mass.): Because of the character of this 
symposium, the writer has confined his part in it to a discussion of 
the corrosion of piping in certain municipalities in Northern New 
Jersey, supplied through the Wanaque Aqueduct from the new 
Wanaque Reservoir. 

The Wanaque Reservoir lies in the New Jersey highlands and is 
developed to supply cities in the North Jersey District with 100 
millions gallons of water daily. The reservoir, and the water it will 
produce when aged, are excellent. However, it is a new reservoir, 
filled for the first time on March 4, 1929. Water was first delivered 
to Bayonne and Kearney, N. J., in March, 1930, and delivery to 
Montclair and Newark was begun nearly four months later. Deliv- 
ery to other cities followed. 

Like in all new and partially stripped reservoirs, the organic matter 
on its bottom affected the character of the water. After the spring 
overturn, the usual stagnation took place, and the depletion of 
oxygen with the evolution of carbon dioxide began at the bottom, 
and progressed upwards through the body of the water. Mean- 
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This con- 
dition is illustrated by table 1. 

Water was first taken through the intermediate intake 35 feet 
below the flow line, and delivered through two 74 inch steel pipes 
to various cities. The Montclair connection is about 16.0 and the 
Kearney connection about 20.7 miles from the reservoir. 

Previous to taking on the Wanaque source, Montclair had been 
supplied from the Pequannock system by Newark, and a few years 
before, from the water purification plant on the Passaic River at 


TABLE 1 
ae Results of analyses of depth samples, Wanaque Reservoir —_— 
(Parts per million) 
JULY 25, 1930 SEPTEMBER 3, 1930 OCTOBER 10, 1930 
D.O. D.O. D.O. 
cont | COz | HS |M.0.*) | CO: | | M.O.*| PM | Co, | H,S | M.O.* 
sat. sat. sat. 
106 | 0.5) 0.0} 462) 116; 0.5) 0.0 | 758 | 78 | 1.710.0| 50 
— |1,50.0| 65 
105 | — | — | 564 108; —} 0.0 392 | 80 | 2.1/0.0; 98 
90; 1.5) 0.0 |3,392; 46; 1.5) 0.0 | 79 | 3.1/0.0 | 260 
40; 7.4.0.0} 804 51); — — | 270| 79 | 3.9/0.0 | 174 
27;—|— 1444 21} 2.9) 0.0 188 | 45 | 6.1/0.0 | 296 
31/ 8.5} 0.0) 168) 11.7) 0.0 86 0 | 8.8)0.72) 208 
29; 36, 9.5) 0.0 36 0 10.2; — | 28 
22; —|— 36 — ~- 
— — 20; O| —| Trace} 60; — — 
0 | 12.2) 0.0 0} 12.9) 1.08 16 0 /15.911.00) 0 


Little Falls. Both Bayonne and Kearney had also been supplied 
from Little Falls. 

Early in August, conditions which promised trouble began to 
appear. Later in the month, complaints from Montclair became 
numerous and insistent. Something had to be done. 

The water at this time (August 26) took on many of the char- 
acteristics of a ground water, (high carbon dioxide, no oxygen and 
low organic content), at the same time possessing the low mineral 
content of a surface water. The pH value was about 6.5. This 


composition wasidealfor corrosion, 
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It was saouaien unwise to avoid the use of this water by going to 
the upper intake, 20 feet below the flow line, because of the growth 
of Asterionella in the upper water. 

Soon, conditions in Montclair became unbearable. They were 
aggravated by the dislodgment of old deposits in the mains by the 
highly aggressive Wanaque water. By the end of August, corrosion 
was general throughout the city, and on September 3, it was decided, 
after a hurried conference, to install a temporary plant for adding 
lime. This was placed in operation a week iater. 

Conditions at Montclair began to improve, but shortly thereafter, 
corrosion and “red water’’ occurred in Kearny and Bayonne, and 
complaints soon became insistent. On September 11, tests showed 
that the water supplying these cities had a pH value of 6.3, and 
contained 12 p.p.m. of carbon dioxide. 

On September 13, the facts were reported to Captain J. W. Griffin, 
Superintendent of Operation. A lime treatment plant was advised 
for the whole supply, and prompt action was taken. This plant 
was placed in operation on September 21, 1930, five days after 
starting construction. 

In the building are rooms for the storage of lime, and for the feed- 
ing devices, tanks and pumps, respectively. Two Wallace and 
Tiernan feeders were installed. These are supplied from bins to 
which a car-loader delivers the hydrated lime from the store room. 
The feeders discharge the lime into a circular wooden mixing tank, 
into which water from the aqueduct flows through a tangential 
inlet, thereby diluting the lime and separating it from the grit and 
other insolubles. The milk of lime thus prepared is then pumped 
from the mixing tank to the aqueduct nearby. 

The good results of this treatment were soon apparent. On 
September 25, the dose of lime added was sufficient to remove the 
carbon dioxide and to raise the pH value to 8.5. To do this required 
a dose of 15.1 p.p.m. 

Meanwhile, from September 21 to October 10, the upper waters 
of the reservoir were being treated with copper sulfate, and begin- 
ning on October 3, the supply was taken from the upper intake. 
This water was naturally less corrosive than the water from the 
intermediate intake. 

During November, the raw water contained an average of 1.7 
p.p.m. of carbon dioxide. The treated water contained 0.8 p.p.m. 
Treatment with only 4.9 p.p.m. of hydrated lime raised the pH 
value from 6.7 to 7.8. 
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At this writing, the water is being taken again from the inter- 
mediate intake, which is still above the transition zone. This water, 
while containing a few microscopic organisms, is low in carbon dioxide, 
well aerated, and has a color of 8. Its pH value is 7.0. During the 
week ending May 7, the water was treated with 36.5 p.p.m. of lime, 
equivalent to a dose of 4.4 g.p.g. The water is of excellent appear- 
ance, and is giving general satisfaction. 

Experience has shown that when the pH value is kept at about 8.0, 
the water is non-corrosive. With the manually controlled lime 
feeders first installed, and with the flow in the aqueduct varying, it 
has been difficult to keep the pH value of the treated water constant. 
The maximal and minimal pH values have been too divergent. To 
overcome this defect, an automatic feeder, controlled by the pH 
value of the treated water, and using the familiar Leeds and North- 
rup devices, has been ordered of the Wallace and Tiernan Company 
recently. This feeder will control the dosage of lime more precisely. 

Because of the lag in the effect of the slightly soluble lime on the 
water, a second Leeds and Northrup pH recorder will be located 
on the aqueduct at a point eight miles from the dam. 

Some difficulties are anticipated, if, during the coming summer, the 
upper waters are unsuitable for delivery because of growths of mi- 
croscopic organisms and water must be drawn from the stagnant 
lower layer. Such difficulties will lessen as the reservoir ages, and 
as the growths of microscopic organisms and the organic matter to be 
oxidized lessen. At this writing, it seems as if the addition of a 
small corrective dose of lime, increased at critical times of the year, 
will be all that is required to keep the water from becoming corrosive. 
It is expected, however, that because of the purity of the water, a 


small dose must be added indefinitely. 


_ F. E. Hate (New York, N. Y.): Two sections of pipe were re- 


moved in 1925 in New York City. One section was of pipe put 
into service in 1863, the other in 1858. They were in service about 
the same length of time, 62 and 67 years respectively. One is prac- 
tically free from tuberculation and the other is nearly closed up. 
Analyses of the metal of the pipes disclosed no reason for the differ- 
ence. The pipe that did not tuberculate was cast at the Florence 
Foundry, Florence, N. J. 

The city is now taking out 6- and 8-inch pipe which has been in 
service in the borough of Brooklyn for about 70 years. Through 
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tuberculation the carrying capacity of such pipe has been reduced 
to about one-sixth of that of new pipe. The greater part of this 
reduction in capacity occurred prior to the introduction of the Cat- 
skill supply, this supply having been in use since 1917. New cast 
iron pipe that has been protected only by the usual coal tar dip and 
that has been used to carry Catskill water has shown during the 
period of use an extensive tuberculation. 

At the present time New York City is purchasing considerable 
cement-lined pipe, and in order to avoid the hardening effect of the 
cement lining the latter is being coated, or sprayed, with asphalt, 
At first the pipe was hot dipped, but now, following experiments in 
the Laboratory, the asphalt coating is being sprayed on at the point 
of manufacture. Several types of coating were tested on blocks of 
cement submerged in water to learn what the effect would be on 
taste. The present coating was chosen because it imparted no taste 
to the water. In the basement at Mt. Prospect Laboratory there 
are set up four sections of cast iron pipe, 6-inch diameter, two full 
lengths of 12-feet and two half lengths of 6-feet. All of it is lined 
with cement, but one of each pair is coated with asphalt over the 
cement and the other is not. Analyses indicate, as would be ex- 
pected, a considerable hardening of the water supply by the uncoated 
cement lining. But the asphalt coating prevents that hardening 
quite effectively from the beginning. Catskill water is flowing 
through the pipes continuously at controlled rates. The experiment 
will probably be carried on for a number of years with occasional 
analyses in order to measure with relation to time the effect of the 
water both upon the’ cement lining and upon the asphalt coating, and 
the protection which the asphalt coating gives to the cement lining. 

We have carried on a great amount of experimental work upon 
corrosion. At present at Ashokan headworks there are arranged 65 
pipes of different materials, attached to 7 different tanks, each tank 
applying Catskill water modified chemically in various ways. 
Elaborate analyses and other data are accumulating. These experi- 
ments have been going on for three years and will continue for 
another year, at least. I am not prepared as yet to publish the 
results of these experiments. But I will make a few remarks this 
morning. 

‘There is considerable loose talk about stopping corrosion, whereas 
red water is usually what is being stopped. There are several angles 
to this question of corrosion. Red water is one problem. The 
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corrosion of pipes is an entirely different problem. ‘The clogging of 
pipes in buildings as affecting circulation is another. The leakage 
of the pipes and fittings through corrosion is another. Related to 
these, of course, is reduced flow capacity in mains with increased 
tuberculation. The problems are entirely different. A treatment 
may help one problem but add to another. 

With regard to red water, it is rather easily controlled and by the 
conditioning of water supply as practiced today the first thing noticed 
is the stopping of the red water, and immediately it is said that the 
corrosion has been stopped. Neutralization to bicarbonate of free 
carbonic acid stops red water. For six months the entire Catskill 
supply of New York City was treated with soda ash sufficient to 
produce a pH of 8.5. (This neutralized all free carbonic acid, pro- 
duced 2 p.p.m. neutral alkalinity and increased total alkalinity to 
15 p.p.m. This increased alkalinity was lime alkalinity due to 
reaction of the soda ash with the permanent hardness.) For six 
months before the treatment the water was analyzed in three build- 
ings in different parts of the City. One building was only two years 
| ol another about ten, and another fifteen. The analyses were 

peated for six months during the treatment. It was pretty gen- 
erally acknowledged that red water was stopped during treatment. 
This was noticed within a very few days. Estimation of the oxygen 
consumed by the piping in the buildings was made through deter- 
minations of the water entering the buildings and the water on the 
upper floors. There was some indication that probably less oxygen 
was consumed in the newer building where the pipe was still in a 
galvanized condition. But in the older buildings there was no re- 
duction in the oxygen consumption, probably because the galvaniz- 
ing was gone. Coupled with our other extensive work I have come 
to the conclusion that it is practically impossible to stop the corro- 
sion of iron pipe or even seriously lessen it. All of our experiments 
indicate that just as much oxygen is used up regardless of any way 
in which we can treat the water, at least as soft a water as the 
Catskill supply. The only exception indicated is that treatment 
with small amounts of sodium silicate will reduce corrosion in the 
hot pipes, particularly galvanized pipe, but has no effect on the cold 
pipes. 

Now as to mains. The Catskill water produces heavy tubercu- 
lation in the mains which greatly reduces the flow capacity. Much 
less trouble has been experienced with the Croton water which has a 
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higher alkalinity. In Chicago and the Great. Lakes Cities where 
there is a high alkalinity, 100 p.p.m. or more, there is no trouble 
with tuberculation and clogging of mains, because of this high con- 
tent of bicarbonate of lime. But it is utterly impracticable to add 
enough alkalinity to soft water to stop corrosion and tuberculation, 
_ There is every indication from analyses and other data that the same 
amount of oxygen or even more is being used up. Now what does 
this mean? The water is changed by treatment so that the dis- 
solved iron is not carried through to the taps to make a red stain, 
- because this is a function of the carbonic acid which has been nev- 
 tralized, but as the oxygen is being used up the pipe is being tuber- 
a culated and clogged just that much faster. 


Mr. Prrnie: Mr. Hale, would you mind stating what the average 
iron and manganese contents are in the water that comes from the 
Catskill? 


Mr. Hate: The iron content coming to the City is 0.1 to 0.2 
p.p.m. As ordinarily served in the cold taps it would not go over 
0.5 p.p.m. It is generally considered that iron over 0.5 p.p.m. is 
_ troublesome. In the hot services frequently considerable iron occurs 
unconditioned water. 

I might add one point. Even water with considerable alkalinity 
_ may cause a considerable amount of iron to accumulate in the hot 
water boilers. The oxygen is being used up and the corrosion going 
on. By keeping the temperature of the hot water boilers below 
_ 160°F. considerable trouble is avoided. With too hot a supply, the 
am “a minute that the tap is turned on and the pressure released, gases 
that are dissolved in the water are released, cause disturbance and 
bring up large amounts of the red rust accumulated in the bottom 
ofthe sank. It ia some help.to/keep the temperature in hot water 

Mr. Pmnie: How about the manganese? Is there any manganese 
at all? 


Mr. Hate: The usual amount of manganese is very low, about 
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the 


portion of the iron, but very little of the manganese. These metals 
are present in the filter effluent. Lime treatment of the effluent 


usually is not chlorinated and bacteria on the walls of the conduits 
and pipes of the distribution system entwine the iron and manganese 
into slimy coatings. In dead ends the bacteria consume oxygen 
dissolved in the water and produce CO, which reduces the normal 


Matcotm Pirnie (New York, N. Y.): It will be well to sum up 


briefly what has been said on this matter of corrosion. The deter- 
mination of the equilibrium point of calcium carbonate, that is, 
normal carbonate, has been mentioned. The equilibrium point is 
reached when the solution is saturated with normal carbonate. 
Addition of a very slight excess of lime may produce precipitation 
of calcium carbonate on the inside of the pipes. This will produce 
positive protection against corrosion. Normal carbonate equilibrium 
in different waters and at different temperatures may occur at 
different pH’s. But if for a given period of time in a given water, 
equilibrium is found to occur at one pH, the pH test is the easiest 
way of determining constantly whether or not the water produced 
meets requirements. 

Filtered and chlorinated river and lake waters, and some well 
waters relatively free from iron and manganese respond with com- 
plete satisfaction to the alkaline treatment to eliminate corrosion. 
Other soft waterg such as those from deep impounding reservoirs 
like those in New York, Boston, Springfield, Mass., and Provi- 
dence, R. I., systems, will give further trouble after bringing their 
normal carbonates to the saturation point. Such trouble will be 
multiplied by the activities of bacteria in the distribution system, 
if the water supplied is not adequately chlorinated. 

Soft water stored in the Scituate Reservoir at Providence contains 
considerable iron and manganese with greatest concentration in the 
bottom water except during the overturn periods when the concentra- 
tions are fairly uniform throughout the depth for short periods. 
Coagulation with aluminum sulphate removes a considerable pro- 


auses precipitation of both the iron and manganese. The water 


carbonate alkalinity below the saturation point and allows corrosion 
to proceed until all of the dissolved oxygen is consumed, with result- 
ing bad tastes. 

The Providence water was recently treated with ammonia and 
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_ bacteria let go of some of the stored up manganese which began to 
: give serious troubles, particularly in laundries. The ammonia 
chlorine treatment was discontinued temporarily until the plant 
_ effluent could be rid of iron and manganese. To clear the effluent of 
these metals it is proposed to draw bottom reservoir water, add 
_ ferrous sulphate to make up the needed volume of coagulant, aerate 
the mixture, chlorinate the aerated water, add lime sufficient to 
-_- geeure coagulation of the iron and manganese, run the treated water 
through the circular mixer, and after retention in the large coagula- 
7" tion basins run the water through the filters without further treat- 
ment. Later ammonia chlorine treatment may be used periodically 
to rid the distribution system of its bacterial iron and manganese 
slimes. 

It may be that Hale’s experiments on the New York water have 
been complicated by the production of slimes inside the pipes. This 
would account for the reduction in both dissolved oxygen and pH. 

At Utica, New York, there is a twelve mile 24-inch cast iron pipe 
line drawing water usually from near the bottom of Hinckley Reser- 
voir and discharging it into Marcy Reservoir, an open reservoir near 
the city. This water is chlorinated at Hinckley so that oxygen is 
also introduced. According to analysis made by Professor Geo. C. 
Hodges on June 2, 1931, the water in the supply main at Hinckley 
contains 0.786 p.p.m. of iron, at point of discharge into Marcy 
Reservoir the iron content of the water is 0.383 p.p.m., and at the 
Marcy outlet to the city supply main it is only 0.291 p.pm. The 
supply main operates as a fairly efficient iron removal plant. It is 
cleaned periodically at a cost of less than a thousand dollars per 
cleaning. 

It is obvious that contact removal of iron and manganese on the 
interior walls of iron pipes from the water supplied to them is often 
mistaken for corrosion. Inspection of many samples of pipe re- 
moved from distribution systems shows beyond doubt that what is 
termed tuberculation is in most cases due to deposition of iron and 
not to solution of iron from the pipes followed by deposition. 

In a general way this summary is intended to cover the principal 
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DEGREE OF CORROSIO 


By Artuur T. Crarx! 


Pipe friction, as expressed by the value of ‘‘C,” is a measure of 
the degree of roughness or of corrosion in a pipe line and takes into 
consideration the effect of the restriction in area as well as the con- 
dition of the surface exposed to the flow. It is not possible by casual 
observation only, to assign with any degree of accuracy a definite 
value for the loss of head, or to assign a value of “‘C” representing the 
friction for any particular size of pipe, rate of flow, or type, thickness 
or shape of nodulation or tuberculation. 


Inasmuch as the primary purpose of any condita pipe is to 
carry water from one place to another with the least loss of head, it 
has become increasingly necessary to install such materials in new 
work as will carry indefinitely a maximum flow with the least possible 
loss of head, and to develop and maintain the carrying capacity of 
installed mains at their utmost by means of physical or laboratory 
control. While the size of the conduit or pipe is the major and initial 
measurement of its capacity, this capacity is very often affected by 
the resistance due to friction to a much greater extent than is 
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Fic. 6. An 18-1ncH Marin at GREENSBURG, Pa. 


This main has been in continuous use, carrying a surface water, since 1905. 
The coefficient of roughness at the time this picture was taken was 63.5 de- 
termined over a length of 7,500 feet. This same main with the same water 
indicated a coefficient of 72 for the upper 6,000 feet, the different ——— 
probably being accounted for by physical conditions. : 


TABLE 1 
Necessary records for the determination and study of the coefficient of —" 


1. Periodic record of pressures and flows __ 
(a) Based on accurate levels 
(b) Calibrated gages 

ts (c) Record of pitometer or meter measurement 

fe _ 2. Pipe material and nature of inside protective coating 

ran a 3. Age of main 

4, Analysis of water handled 

5. Picture or sketch showing size and spacing of tuberculation 
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ordinarily realized. A few examples will show the various forms 
and thicknesses of tuberculation as ordinarily encountered. 

In figure 1 pipe section No. 1 shows a very moderate amount of 
tuberculation. Pipe No. 2 shows a deposit of lime which was en- 
countered below a softening plant. Pipe No. 3 shows excessive 


Fie. 7. A Very SMALL AMOUNT OF TUBERCULATION IN A 16-INCH MAIN AT 
Pocantico, New York 


However, even this small amount indicated a value of “‘C’”’ of only 80.0. 
Prior to cleaning this main a coefficient of 58.0 was obtained. 


tuberculation. Pipe No. 4 is a clean section of pipe, in which the 
tar coating has been poorly applied resulting in almost as bad a 
coefficient of friction as pipe No. 1. 

A considerable amount of tuberculation has formed, as shown in 
figure 2, greatly reducing the area of the main and increasing the 
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fricton due to the setting up of ineffective velocity. A clean pipe of 
the same size is shown for comparison. 

An ideal interior condition, if maintained, is shown in figure 3. 
It would give a maximum flow and minimum loss of head. This 


Fig. 8. Twenty-1ncH at Lexineton, Kentucky, HANDLING A FILTERED 
Surrace WaTER Supply 


This small amount of tuberculation gave a coefficient of 90 and is merely 
an indication of the small amount of tuberculation necessary to greatly reduce 
the flow. 


particular pipe, is Talbot lined and upon test, indicated a value of 
C = 160 in Williams and Hazen’s formula. Other coatings such as 
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bitumastic enamel have also been used, resulting in high values of C. 
Such bitumastic enamel lining is shown in figure 4. Carefully 
3 placed cement linings give a coefficient as high as 150. 

In order that more accurate determinations may be made of the 
coefficient of roughness, actual tuberculation must be observed in 
pipe lines and the data outlined in table 1 should be obtained. 


Fre. 9. Conpition oF 72-1NcH IRON Pipe on Lone ISLAND 


- In service for 24 years. Coefficient at the time picture was taken, C= 94.0 


A few actual occurrences of tuberculation where the loss of head 
has been observed and where pictures have been obtained are given 
here as examples. 

As contrasted with these, figure 5 shows a badly tuberculated and 
silted main at Lawrence, Kansas. This is a particularly bad exam- 
ple and, of course, could not have been allowed to exist where the 
initial capacity of the original main was required. 

Velocities in pipes with smooth interiors follow more or less stream 
lines and the full area of the pipe is, of course, available for effective 
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velocity. Where serious tuberculation exists and the interior surface 
of the pipe becomes roughened, a considerable amount of ineffective 
velocity is developed. These two conditions are illustrated in figures 


Fie. 10. Ninety-1nch WrovuGut Iron Main at Brince, NEw York 
City 


_ This main has been in service since 1861. No coefficient of friction is 
; a ailable on this main, but the picture shows very clearly the change in type 


oe and form of the tuberculation which formed on the original inside surface of 
eee this pipe before and after the scale became loosened from the surface of the 


The loss of head in feet per thousand is not in itself a total measure 
_of the loss sustained in transmitting water through any main. For 
example the loss of head for a flow of 4 m.g.d. in a 16-inch main with 
~C = 100 is 6.8 feet. This same loss of head in feet per thousand is 
found for a flow of 74 m.g.d. in a 20-inch main or for a flow of 1.9 

m.g.d. in a 12-inch main. 
In order to indicate the actual cost, as a result of pipe friction, in 
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Fig. 11. WATER FLOWING IN TWENTY-FOUR-INCH VITRIFIED PIPE 


View taken through opening in the top of the pipe. Note the smooth lines 
of flow. 

Picture furnished by Fred C. Scobey, Senior Irrigation Engineer, Depart- 
ment of Agriculture. 


rs 


units which may be measured in dollars and cents, a diagram or 
nomogram has been developed for the Williams and Hazen formula, 
showing a direct relation between size of main, the coefficient of 
roughness, the discharge, and the resulting theoretic horse power, 


Fic. 12. Showrne FivaMents or. FLow Broken vp 1n 24-1ncH 
Iron PIPE 

_ This view taken through an opening cut in the top of the pipe. 

Picture furnished by Fred C. Scobey, Senior Engineer, 
ment of Agriculture. oes: 


As an example assume a 16 inch main with a coefficient of 64.0. 
Referring to figure 13, a straight line through these two points locates 
the point P’ on the index line. A straight line through P’ and an 
assumed flow of 4 m.g.d. indicates a loss due to a flow under these 
conditions of 10.5 H.P. per 1000 feet of main. If this same main 
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Example Govan, Pipe pipe cooff cient, Ce 115; 
To Fino, Theoretical power 
required te overcome pipe Frichon per 1000’ of pipe. 
A straight line connecting tine Dand 115 on line 
intersects lina at point P. A straight tine connect: 
point and & mgd. on tine® wil intersect line at $6 
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Pee cated saving of 6.9 H.P. per 1000 feet of main. Another illustration 
of the loss due to a low coefficient may be obtained by comparing the 
H.P. loss for the above 20-inch main, with a coefficient of 64.0; with 


the loss through a 16-inch main with a coefficient of 115.0. The oh 
theoretic H P. loss for 1000 feet of main for these two conditions is 
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NON-SHOCK WATER PRESSURE RATINGS OF FITTINGS 


8 is By H. A. Horrer! 


The American Water Works Association Specifications for cast 
iron pipe apply primarily to the bell and spigot type of pipe and 
fittings for water supply and distribution systems, but, basically, 
is the standard for the design of other types of joints as used in 
water works systems. Flanged pipe and fittings have, therefore, 
followed these general principles, that is, flanged pipe is made of 
thicknesses corresponding to the pressure rating classifications of the 
American Water Works Association standard with flanges of diam- 
eters, thicknesses, and bolting of the American Standard; and, 
flanged fittings for water srevices are of the same body dimensions 
as the bell and spigot standards of the American Water Works Asso- 
ciation having flanges of diameters, thicknesses, and bolting of the 
American Standard. These provisions permit interchangeability 
as well as allow the water works engineer to design and build piping 
systems where the flanged joint is necessary with the same degree of 
exactness and safety as when using the bell and spigot joint. Dy- 
namic pressures, water hammer, frictional losses, factor of safety, 
ete., are just as important in flanged lines as is in the case with bell 
and spigot installations. Because of these facts, the water works 
engineer is interested in the standardization of flanged pipe and 
fittings. 

The Sectional Committee for the Standardization of Cast Iron 
Pipe under the American Standards Association procedure, and 
known as A 21, therefore, has in its scope the standardization of cast 
iron flanged pipe and fittings. However, because of the fact that 
another Sectional Committee, organized and functioning for a longer 
time, but also under the American Standards Association procedure, 
and known as B 16, has a similar scope in standardization work, 
there has been a confusion and misunderstanding of conditions. 

A brief résumé of the work in so far as water works men are con- 
cerned is, therefore, of pertinent interest. 
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mittee authorized the organization of a Sectional Committee on 
Standardization of Pipe Flanges and Fittings with the following 
three Sponsor Bodies: Heating and Piping Contractors National 
Association, Manufacturers Standardization Society of the Valve 
and Fittings Industry, and The American Society of Mechanica] 
Engineers. The preparation of preliminary proposals for the review 
of the 1914 American Flange Standards and subsequent standardiza- 
tion was assigned to Subcommittee No. 1 to which the writer was 
appointed as a member from the American Society of Mechanical 
Engineers. These standards were primarily steam standards of 
flanges and flanged fittings as used in power plants and in steam pipe 
lines. In so far as the water works engineer is concerned, he was 
interested in the dimensional standards of the 50-, 125-, and 250- 
pound standards included in the work of this Committee. 
After a lengthy review, the 125- and 250-pound standards were 
released as approved by the American Standards Association in 
February, 1928. The writer, as a member of the American Water 
Works Association, was interested in maintaining the identity of 
these standards as steam standards and, therefore, protested to 
any revisions of dimensions or ratings which would be detrimental 
to the Water Works Industry. An early draft of these standards, 
to which was assigned a water rating deemed excessive and unsafe 
as proved by substantiating data submitted by the writer, was re- 
leased by the Sectional Committee and approved by the Sponsor 
Bodies. Because of this negative vote of the early draft, the Sponsor 
Bodies rescinded their approval before offering the standards to the 
American Standards Association for their approval. The revision 
of the early draft was approved in February, 1928. From a water 
works standpoint, the designs are such as to restrict necessarily the 
use of the fittings because of dynamic pressures prevalent in water 
lines, but absent in steam systems. These standards therefore are 
assigned water ratings as follows: 
One Hundred Twenty-Five-Pound Standard: Sizes 12 inches and smaller 
for maximum non-shock working hydraulic pressure of 175 pounds per 
oat square inch (gage) at or near the ordinary range of air temperature. 
Two Hundred Fifty-Pound Standard: Sizes 10 inches and smaller for maxi- 


mum non-shock working hydraulic pressure of 400 pounds per square 
; inch (gage) at or near the ordinary range of air air temperature. 


In the Spring of 1921, the American re Standards Com. 
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Inasmuch as the W: ater Works Industry is mostly concerned with 


on medium and lower pressures, the writer was made Chairman of a 
ing Sub-Committee to develope a low pressure standard. The Com- 
al mittee was termed: Sub-Group for Cast Iron Flanges Under One 
ve Hundred Pounds Working Steam Pressure (W. 8. P.) The person- 
ral nel developed a standard in 1925 which was approved by the sec- 
WwW tional committee and the Sponsor Bodies, but finally rejected by the 
a American Standards Association because of protest from the Ameri- 
aS ean Gas Association who had then joined the American Standards 
al Association because of its interest in the work of Committee B 31 
of solely sponsored by the American Society of Mechanical Engineers 
Ne developing codes for pressure piping. The American Gas Association 
s was interested in the Sectional Committee developing the Code 
). for Gas and Air Piping and felt that any pipe standard applicable 


to their work and approved as an American Standard would be in- 
e corporated in the Code which would probably become legal in many 
2 states as is the case of the A. S. M. E. Power Code. They were inter- 
r ested, therefore, in the standard from both an engineering and an 
f economical view point. They preferred to maintain a metal thick- 
) ness equal to or not greater than the present American Gas Associa- 
| tion standards irrespective of the center to face and other dimensions 
of concern to the water works engineer involving such factors as 
shock, water hammer, frictional losses, ete. The original draft was 
designed to include these factors from a water works standpoint, 
but, because of the reduction in the metal thickness and the retaining 
of the same water rating, the revised draft was adopted over the 
writer’s negative vote. From the water works standpoint, the 
non-shock Working Hydraulie Pressure Rating is practically equal 
to that prescribed for the heavier metal thicknesses of the 1925 
draft. 

A summary of the important elements of these two drafts is as 
follows: 


1925 draft: Sizes 14 to 36 inches inclusive for maximum non-shock hy- 


Bi draulic pressure of 40 pounds per square inch (gage) at or near the 
od, ordinary range of air temperature. 
fin 1. Center to face dimensions American 1914 Standard for 125 
pounds. 
--. Metal thicknesses of body approximately those of Class B. pipe, 
American Water Works Association Specifications. 
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(ie, hoc 3. — thicknesses approximately those of the old American 

aa = AO, ae Water Works Association Specifications, i.e., one and one-half 
times the thickness of the barrel plus inch. 

| fa path 4. American 1914 standard for 125 pounds as applying to the outside 

of flanges and bolting so as to permit interchange. 
ability 


— 5. Smaller bolts because of lower pressure. 


_ April, 1931 draft (as released): Sizes 36 inches and smaller for maximum 
i non-shock hydraulic pressure of 43 pounds per square inch (gage) at or 
near the ordinary range of air temperature. 

Center to face dimensions American 1914 Standard for 125 
= 2. Metal thicknesses of body approximately those of Class A pipe, 

American Water Works Association Specifications. 

i Baeatina Flange thicknesses a compromise between the 1925 draft and the 
American Gas Association thi. nesses. 
oe (vd Shag American 1914 standard for 125 pounds as applying to the outside 
Hemet, A, diameter of flanges and bolt circles. 
7 ag 5 Bolts practically American Gas Association Standard 


In other words, the 1931 revision of the 1925 draft embodies: 


A much thinner body thickness. 
3. Lighter flanges, but of a large outside diameter. 


As a representative of the American Society of Mechanical Engi- _ 
neers, but also cognizant of the requirements of the water works engi- __ 
neer, the writer continually emphasized in all committee work from _ 
1921 to date the decided relationship between Committees A 21 (as 
sponsored by the American Water Wor|s Association) and B 16 (as 
sponsored by the American Society «. Mechanical Engineers and © 
manufacturers of steam fittings) in so far as standardization of Cast — 
Iron Pipe and Fittings are involved. It seems obvious that with — 
the reduced body and flange thicknesses, the same or greater hy- _ 
draulic rating should not have been assigned to the 1931 draft as was — 
considered for the heavier thicknesses of the 1925 draft. Further- i 
more, because of these same engineering reasons, a water rating was _ 
not assigned to the 125-pound standard in sizes larger than 12-inch 
and only to sizes 10-inch inclusive of the 250-pound standard. It 
seemed perfectly logical that the misnomer non-shock but ‘‘working 
hydraulic pressure’ rating should therefore not have been assigned 
by Committee No. 1 (not by the sub-group developing the standard) — 
to the standard B 16b2, American Standards Association. ; 
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_ Standards Association, aren’t they? 
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Because of the fact that the work of Committee B 16 applied mostly 
to the standardization of steam piping, the water works Committee 
A 21 was not particularly concerned until the writer, as a member of 
the American Water Works Association, received the wholehearted 
interest of Messrs. Ruggles, Wiggin, Pirnie, Fenkell, Haydock, and 
others of Committee A 21. This was effected to a large extent by 
the writer’s motion at the meeting of Committee B 16 in Rochester 
on May 17, 1929, as recorded; viz: 


Mr. Horrer: After a lengthy discussion of the Low Pressure Standard, it 
was decided that the work of the Sub-Committee was dependent upon the 
results obtained through the activities of Sub-Committee No. 2 of the Sectional 
Committee on Specifications for Cast Iron Pipe, known as ASA A 21. It was 
accordingly voted. 

It was decided at the Oct ber 24, 1928 meeting of Sub-Committee No. 1 
that, in view of conflicting interests of the American Water Works Association, 
the American Gas Association, and the American Society of Mechanical 
Engineers in Low Pressure Flange Standardization, that a group composed of 
representatives of Committees B 16, A 21, No. 7 on Ratings, and the Code for 
Pressure Piping consider the Flange data as recommended by Sub-Committee 
No. 1 at its October 24, 1928 meeting. 

It is further suggested that this appointed Group report its findings in 
revision or approval in relation to the particular service conditions of the 
respective units after they have obtained the results of tests now being con- 
ducted at the University of Illinois, and then to report both to Committees 
A 21 and B 16 for further action. 


CuarRMAN Buss: Those are the two Committees set up under the American 


Mr. Horrer: Yes, both set up under the same regulations. t eeatan 


This liason Committee *‘as not organized and made to function 
until a protest was sent to the American Standards Association by 
Mr. Wiggin in late 1930. The Committee was appointed and in so far 
as the A 21 representatives representing the American Water Works 
Association were concerned, they were unanimous in the protest of 
assigning the non-shock water rating. 

Quoting from Mr. Thomas H. Wiggin (Chairman, Sectional Com- 
mittee on Specifications for Cast Iron Pipe): 


Referring to the second question, whether B 16 should assign so-called 
‘“‘non-shock water ratings’ to fittings, I am not in favor of establishing any 
such limitation, as I do not think that the conditions under which water ram 
would be absent are sufficiently well understood to make any such differentia- 
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The last paragraph in the letter of October 18th from the American Stand- 
: ards Association constituting our Special Committee is, I believe, intended to 
suggest a somewhat broader inquiry into this subject than is indicted by the 
questions in your letter. Committee A 21 has been in doubt about certain 
phases of the work of B 16 in the zone of overlap between the two committees 
and conferred with the secretary of the American Standards Association sev- 
eral years ago about this. As a result of this discussion a conference com- 
My mittee was appointed by A 21 in January, 1928, but the tentative arrangements 
i for a conference with B 16 did not come to fruition at that time. The matter 
was brought up in a meeting of B 16 in Rochester in April, 1929, at which time 
‘there was a motion for the Chairman to appoint a conference committee, but 
in the press of this committee work by engineers who have a living to make, 
nothing definite has come from either of these earlier attempts, until the pres- 
ent time. Inthe meantime, several of the standards of B 16 for other pressures 
have been issued I believe with “‘non-shock”’ water ratings. 

The scope of A 21 includes cast iron pipe and fittings for all purposes. At 
first thought it might seem easy to correct the overlap, with B 16 by merely 
cutting flanged fittings out of the scope of A 21. This is not entirely possible, 
however, because of the strong interest of the specialized water works and 
other fields represented in A 21 who have a vital interest in flanged fittings as 
related to their own business and furthermore do not regard the accident of the 
kind of joint, whether flanged or bell and spigot, as being a sufficient reason 
upon which to predicate different shapes of bodies of fittings for the same 
purpose. 

To illustrate, stresses in the bodies of fittings, whether flanged or bell, are 
about the same, friction losses also. A 21 has attacked the problem of strength 
by assembling all available tests of fittings and in making others of its own 
which are still in progress. It did not wish to alter present standards unless it 
has something which would be in the nature of new information warranting a 
change from old standards. The design for thicknesses for fittings has gen- 
erally followed the design of pipes, without taking into account the special 
stresses which occur in fittings due to their peculiar shape, with angles, flat 
areas, etcetera. For this reason, fittings appear to have in many cases only 
about one-third or less the strength of corresponding pipes. I see a likelihood 
of increased thicknesses at special regions of weakness in fittings as indicated 
by our tests and those of others which have been compiled. This matter is 
not covered by B 16 standards. Such variations in thickness are already in 
common practice and our tests bear out their value. 

Another question of importance to the water works interests in committee 
A 21 is that of shape of fittings as affecting friction losses. In pumping sta- 
tions a fitting with sharp inside corners may lose more head than is economical 
considering the ease of rounding the junctions and reducing friction losses. 
Committee A 21 has made hydraulic experiments on different radii of bends 
and radii at groins of tees and crosses and wishes to define the shapes at the 
junctions. Committee B 16 standards seem to provide solely for sharp in- 
tersections with no reference to the interior radii if any. 
~ As another example and an accidental by-product, some of our tests have 
shown that the projecting face on flanges is a source of weakness as fittings 
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will break off at the back of the flanges when tested to destruction in a way in 
which they do not break with plain flanges. These projecting faces are a 
feature and probably a desirable one in the two hundred fifty pound standard 
of B 16, but we would like information about the effect on strength. fae. a» 


| 


Quoting from Mr. Thomas F. Wolfe (Research Engineer of 
Chicago) : 


The principal objection of the representatives of the water works industry 
to this specification is this ‘‘non-shock’’ rating. It would appear that there 
are very few conceivable installations working under pressures from 25 to 
250 pounds where the possibility of shock is entirely eliminated Even if it 
were a fact that such installations were used, there is every reason to believe 
that in spite of the non-shock stipulation in the rating these fittings would find 
their way into construction where the possibility of shock would exist. Before 
the final approval of the 25-pound Flanged Standard, a request was made that 
the approval be held up until the completion of certain fittings, tests now being 
conducted under the auspices of the American Standards Association Com- 
mittee A 21 on Cast Iron Pipe Fittings. These tests have now been completed 
and although they did not cover the entire range of sizes and types of fittings, 
they do give some information of interest. For instance, three standards 
12-inch 125-pound Flanged Laterals failed at the following pressures: Four 
hundred fifty, four hundred thirty-five, and four hundred eighty. The non- 
shock rating on these fittings is 175 pounds which would give an indicated fac- 
tor of safety of about two and one-half. One 12- by 12-inch cross failed at 610 
pounds which pressure would give a factor of safety of about three and one- 
half. 

In the design of water pipes, it has been customary for a great many years 
to allow 100 pounds for water hammer. In the event that the fittings men- 
tioned above should find their way into a line where such water hammer ex- 
isted, the factor of safety would be reduced to a = that would be quite 
definitely unsafe. 

Another phase of the fitting question that may or may not be an argument 
in this case is the fact that the University of Illinois tests have indicated that 
many fittings depend for their bursting strength on the strength of the flanges. 
A number of tests were made with flanges turned off and a fitting equipped 
with a Victaulic Joint. Three 12- by 12-inch 125-pound Flanged Crosses 
failed at the following pressures: Three hundred sixty, four hundred eight- 
five, and four hundred ninety-five, as compared to six hundred thirty, seven 
hundred, and six hundred ten for the fittings with flanges. While I appre- 
ciate the standard under consideration is a flanged standard, I believe that in 
the interests of standardization the fittings should be designed so that the 
same patterns could be used for making fittings with other types of joints. 
For steam work it is unlikely that anything but flanged joints would be used, 
but for use in water lines, there is a possibility that Victaulic or Dresser Joints 
would be used and if a water rating is to be applied to the fittings, it should be 
an amount suitable for fittings with these _— and should include one hun- 


dred pounds for shock. 


; 
ta VOL. 
nd 23, NO 
ed , NO. 1 
to 
| 
be 
ttee 
se 
V- 
en 
ts 
im 
At 
a 
ne 
744 
ay 
it 
4 
4 
| 
= 
A 
= 


Quoting from Mr. Charles Haydock, (Consulting Engineer of 


_ Recently, I attended a meeting of the Executive Committee of the Sectional 
Committee on Specifications for Cast Iron Pipe, at which this matter was 
brought up for discussion. All of the water works engineers with whom | 
have talked seemed to agree that for all practical purposes, water shock or the 
danger of it is always present in the operation of water works systems. 


The 1931 draft of this low pressure standard, however, was re- 
leased in April, 1931, with a non-shock hydraulic pressure rating, 
Committee A 21 (American Water Works Association sponsorship), 
at its annual meeting on March 25, 1931, discussed the subject at 
length, and by formal vote instructed its officer to convey a protest to 
the American Standards Association because of the failure of the Con- 
ference Committee appointed by the American Standards Association 
to be called together to consider the views of Committee A 21. Chair- 
man Wiggin conveyed these views to Secretary Agnew of the Amer- 
ican Standards Association; viz: 


The vote of Committee A 21 expressed the opinion that a non-shock water 
rating was undesirable and likely to be dangerous to those not familiar with 
the fact that shock is practically always present in water pipings; further that 
the sharp intersections indicated in B 16 standards are particularly unsuitable 
for water purposes. 


In conclusion, it seems to be the consensus of the opinion of water 
works men that it is difficult to know where water hammer will not 
occur, and that it is.undesirable to have non-shock water ratings 
(which are only representative of ideal conditions) assigned to fittings, 
as it is likely to lead uninformed water works men to use them for 
installations where they would not be safe. These facts have been 
emphasized by the writer at all committee meetings, but the water 
works industry being out-voted, it is evident that the American 
Water Works Association, through its Committee A 21, must em- 
phasize the requisites for fittings for water works use, and Committee 
A 21 will welcome expressions of opinion from all members of the 
American Water Works Association on this matter. There would 
seem to be a solution of the problem as the writer suggested at the 
meeting in Rochester in 1929, in which Mr. M. Jupp of the Manu- 
facturers Standardization Society of the Valve and Fittings Industry 
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subject is now open for discussion. 


: present standards? 


this Association in Convention assembled should vote such a vote as 
Mr. Hoffer desires is in order for us to take up here. It seems to me 


FITTINGS. 
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concurred as indicated in their release of the tentative standards as 
of January 1, 1930: 


Mss, Twenty-Five Pound Working Steam Pressure Cast Iron Flange 
Standard. 

Mss, Twenty-Five Pound Working Steam Pressure Cast Iron Flanged 
Fitting Standard. 


This would mean that at least the 25-pound standard should have 
been developed from two angles: 

1. A basic flange standard detailing the diameter, thickness, and 
drilling templets which might have been acceptable to all users of 
fittings in this pressure classification. 

2. Separate and distinct standards detailing pattern dimensions 
for specific services in which the above basic flange standard would 

CHAIRMAN Taylor: We have had a very interesting discussion of 
this question by Mr. Hoffer. It shows very careful thought and 
preparation. My opinion of the non-shock water rating is that until 
somebody designs a non-shock for the system, there is no place for a 
non-shock water casting. The Committee is to be commended in its 
action of insisting upon a reliable standard for water fittings. The 


I would like to ask Mr. Hoffer, would it give any help to your 


Committee if this Association on record a sed to the 


Ma: Horr: Very ogiqg ai 


CHAIRMAN Taytor: Perhaps the subject, then, of whether or not 


hat it is a vital thing for this Association to have Committees strong 
nough to stand back of our work. 
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_--- Wn. W. Brusu (New York, N. Y.): In view of the statement which 
been made, in which I think we all concur, that there isno such 
animal as non-shock water fittings, certainly for water distribution, —— 
Ido not know where it can come into the picture, and it seems to me a 


DISCUSSION 


They 


that it would be perfectly proper for the Association to pass a Resolu- 
o tion that, in the opinion of the membership of the Association, there 

should be no standardization of the fittings that would be placed upon 
__ non-shock water rating, as there is no such condition that exists in the 
_ water works field, or that can be depended upon to exist continuously 
a the water works field. If it is considered proper I should be glad 
~ to make such a motion in this Convention, that the Association in 
its meeting today resolve that there should be no standardization of 
the water works fittings on the basis of a non-shock rating, but that all 
.— aS for water works purposes should include an allowance suffi- 


cient for safety to take care of water shock. 


Mr. Horrer: Inasmuch as the thought expressed in Mr. Brush’s 
esolution has also been the views of the representatives of the 
- American Water Works Association on the Laison and other com- 
mittees, and, furthermore, as the April, 1930 draft of the standard 
has been released by the American Standards Association over the 
protest of the representatives of the American Water Works Associa- 
tion, might I suggest that Mr. Brush’s resolution further include a 
strong protest to the issuance of the standards as now published. 
Mr. Brusu: I present the following resolutions, therefore, as 
giving the sense of our objections to the proposed standards: 


Wuereas the American Standards Association has released under date of 
of April, 1931, a draft of a proposed standardization of cast iron fittings, which 
includes fittings for the conveyance of water, and 

Wuereas in this draft there are standards set up under the heading of ‘‘non- 
shock water pressure ratings on fittings,’’ and 

WHEREAS in pipe systems designed for the conveyance of water there is 
virtually always present the possibility of a material increase in pressure due 
to the occurrence of water hammer, and 
ee Wuereas the members of the American Water Works Association are repre- 
' “a : sentative of those engaged in the United States and Canada in the water works 

field, 

. Be It Resolved by the American Water Works Association that the title 
‘non-shock water pressure ratings on fittings’ is misleading, as indicating a 
condition in the use of fittings that practically does not exist, and that the 
American Water Works Association protests against the use of this title in con- 
nection with the proposed standardization of flanged cast iron fittings by the 
American Standards Association, and 
Be it Further Resolved that a copy of this res 
Standards Association, al 
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W. C. Haw tey (Wilkinsburg, Pa.): I second the motion. 


CuarrMAN Taytor: Is there any discussion? I think we are all 
very much interested san it should be fully discussed. All those in 
favor please say ‘“‘aye.”’ 

The motion was unanimously carried, and the resolutions were 
adopted on May 25, 1931, at the Annual convention of the American 


Water Works Association at Pittsburgh, Pa. 
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LEAD VERSUS COMPOUNDS FOR PIPE JOINTS 


E. G. BrapBury:! Lead is universally recognized as a satisfactory 


material for jointing cast iron pipe, but there has been, and is, wide 
difference of opinion regarding the use of compounds for this purpose. 
Many superintendents and engineers are using the latter, usually for 
economic reasons. In some systems both materials are used, the 
selection being based on the conditions encountered or anticipated on 
each particular job, or, sometimes, on size of pipe. 

Leadite is the oldest and best known of the compounds, with 
Hydro-tite a close second. Metallium seems to have gone out of use, 
and Mineralead is just entering the field. All are of similar nature 
and seem to get fairly comparable results, but the older compounds 
have a distinct advantage in having stood the test of twenty or more 
years use. Each of the manufacturers naturally claims special 
advantages for his particular product. 

In favor of lead may be instanced its long record of successful 
use, its flexibility, the tightness of joint on completion, the simplicity 
of testing, and the ease with which leaky joints can be recaulked. 

The principal argument for compounds is the financial saving, 
although many of the advocates of their use claim that a better and 
stronger joint can be made than with lead. 

The Franklin County Sanitary Engineering Department, in its 
work of constructing water mains outside of municipalities, largely 
in the suburban territory around Columbus, began receiving alternate 
bids on lead and compound joints in 1926 and the latter have been 
used on practically all work since that date. Twenty-six contracts 
have been carried out during this period. The average difference in 
cost for lead and compound as shown by the accepted bids for these 
projects is shown in table 1. 

The total length of pipe laid was 269,981 feet or about 51.2 miles. 
The actual saving by use of the compound joints was $24,245.87, or 
approximately $475 per mile. 

_ Batisfactory joints can be made with compound if proper methods 


1 County Sanitary Engineer, Columbus, Ohio. 
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_ Price per foot, compound...| 0.814) 1.08) 1.45 | 1.80) 2.46 2.53) 3.45 
Difference per foot......... 0.049} 0.06} 0.098; 0.17; 0.20) 0.42) 0.26 


 leadite showed considerable seepage, but the latter soon tightened 
up and have given no more trouble while the lead joints have loosened 
and leak continually. 
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are used. In ine Franklin ie work not a single joint has needed 
repair after acceptance of the original contract. If there is any 
joint leakage it has failed to make itself apparent. 

There is considerable evidence that compound joints withstand 
vibration better than lead. At Newark, Ohio, C. T. Kaiser, former 
superintendent, states that two mains, 10- and 12-inch, crossing a 
highway bridge in that city, and entirely exposed, were laid with 
lead joints and caused continuous trouble, requiring recaulking after 
each slight change in temperature, and that these lines were relaid 
in 1927, using leadite, with satisfactory results, no leaks having since 
developed. Mr. Kaiser also describes the lowering of 390 feet of 
6-inch leadite jointed pipe 4 feet at one end without causing any 
leak. Mr. L. T. Fawcett laid a 12-inch line across a bridge in Youngs- 
town, Ohio, part of the joints being made with lead and part with 
leadite. He states that at first the lead joints were tight and the 


Comparison of costs ofleadand compounds 


Diameter of pipe, inches...| 4 6 8 10 12 14 | 16 
6 , 228/164 ,838/51 ,928) 3 387/19 7 ,054,17 , 150 
Price per foot, lead. ....... $0. 863 1.14) 1.548) 1.97) 2.66) 2.95) 3.71 


Percent saved”’............ 7.7 5.25] 6.35 | 8.65) 7.55) 14.2] 7.0 


_ The testing of pipe laid with compound joints usually takes more 
time than is the case with lead. It is seldom possible to get as good 
a test as can be made with lead until some days have elapsed. The 
tightening of compound joints as time goes on seems, however, to be 
well established. Mr. W. C. Hawley, in a discussion published in the 
Journal of the N. E. W. W. Association of March, 1923, gives the 
history of a test on 2,220 feet of 8-inch pipe, in which he shows a 
decrease from 313 to 66 gallons per inch-mile daily during a period of 
23 days. The writer has made similar tests with about the same 
result. It has become the practice in the Franklin County Depart- 
ment to consider a test satisfactory if the initial leakage does not 
exceed 400 gallons per inch-mile daily under 150 pounds pressure, 
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DISCUSSION 


Certain simple rules must be observed in order to get a good job with 
compound. Dry yarn, preferably braided, must be used, and caulked 
: i; tight and hard. The funnel or gate must be poured practically 

full, or to a height of 6 or 8 inches above the top of the joint. Bell 
_ and spigot must be scraped and wire brushed clean, and if tar coating 
_ is heavy, it should be removed. The compound must be at the 
proper temperature and must be kept continually stirred in the 
_ The use and merits of the lead joint are so well known and thor- 
: oughly understood by every water works man that a comparison with 


latter is a worthy competitor. Basing his judgment on personal 
experience and testimony of other users, the writer believes such to 
be the case. If the opinions of those present are freely expressed at 


W. C. Hawtey:? That lead is not altogether satisfactory as a 
_ jointing material is shown by the rapid increase in the use of com- 
pounds within the last 20 years. The fundamental objection to lead 
is that it has no elasticity and will squeeze or flow under a pressure 
of about 500 pounds per square inch. Joints in pipe subjected to 
_ vibration or to considerable range of temperature are frequently 
troublesome. The most difficult thing in the use of lead is to secure 
good caulking of the joints, especially in contract work. We have all 
known honest, conscientious caulkers who could be trusted absolutely, 
but for every one of this type we have known a dozen drunken, 
_ irresponsible, unreliable men from whom good work could be secured 
only by careful and painstaking inspection. Beside, there are the 
difficulties and dangerous conditions under which these men must 
_ frequently work, which naturally affect the quality of the work done. 
"When a compound joint has been run in a wet or caving ditch it is 
~ completed, but with lead a considerably larger bell hole must be 
- maintained while the joint is being caulked which increases the 
difficulty and expense of making the joint. 


Chief Engineer and General Superintendent, Pennsylvania Water Com- 


oe = — that all pipe and joints are visible and no sizeable leaks 
4 ss appear, as it has been demonstrated that such a line will come within 
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mo of pipe laying by the use > of a pipe joint compound. eet 


JOINTS 


In the matter of testing pipe as it is laid, the speaker’s experience is 
entirely in favor of the use of a jointing compound instead of lead. 
With the use of patent testing plugs there should be little difference, 
but on the ordinary job when it is necessary to backfill quickly it is 
easy to put in a plug, test and then cut out the compound about the 
plug with a cape chisel and proceed with pipe laying. 

Mr. Bradbury has given an interesting table showing the saving by 
the use of joint compound instead of lead. The speaker believes that 
where the work is done by experienced employees of a water depart- 
ment or water company this saving will be substantially increased. 

The speaker’s experience has been confined almost entirely to 
leadite which he has been using for 25 years. In the use of this 
material, not only is it necessary that the bell and spigot should be 
clean, the hemp dry and free from oil or tar, but the most important 
thing is that the jointing material shall be heated to a proper tempera- 
ture before the joint is poured. The only way to be sure of this is 
to heat the material until it begins to thicken, then permit it to cool, 
stirring constantly, until it becomes like a thin black oil, when it is 
ready to pour. Most of the trouble with joint compounds of which 
the speaker has known has been due to the failure to heat the material 
properly before pouring. 

The most valuable result of the use of jointing compounds is the 
reduction in loss by leakage and the saving in maintenance cost. 
Numerous tests are on record showing that the leakage of pipes laid 
with jointing compounds is much less than the leakage ordinarily 
allowed under specifications for pipe laid with lead joints. A line 
of 10-inch pipe (16-foot lengths) 7700 feet long laid with leadite joints 
by the Pennsylvania Water Company about 3 years ago, showed on 
test a leakage of 5 gallons per inch-mile per day. 

Assuming that by the use of a pipe joint compound a leakage of 
50 gallons per inch-mile per day can be prevented, this would amount 
in the case of a 6-inch pipe to 109,500 gallons in a year. At 2 cents 
per 1000 gallons for pumping and purifying the saving would amount 
to $2.19, or capitalized at 5 percent, $43.80 per mile. This is the 
amount which could be spent to prevent a leakage of 50 gallons per 
inch-mile per day and to some of us during the recent drought it would 
have been worth it. To make this saving, however, does not cost 
anything, but, on the contrary, there is a substantial reduction in the 
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He has boiled down the matter and in a very few words given us what 
are considered to be the important facts. It seems from general 
experience and the results which he has summarized in his statement 
that the present known joint compounds bear a very favorable com- 
parison with lead, and, in the matter of cost, have the edge on it. 
However, there are one or two queries that arise in the mind,— 
What about the chemical constancy of the compounds? We all 
are well satisfied that there is practically no change in the original 
composition of a lead joint. Historical investigation shows that. 
- Will the sulphur compounds remain the same as time goes on? Will 
there be a breaking down,—a change in the composition? Time 
only will answer. 
It is true that we have compound joints in the ground that were 
made 25 or perhaps 30 years ago, and so far as we know, they are 
functioning properly. In Boston, we laid a short line of about 300 feet 
of 10-inch pipe over 20 years ago and used a joint compound, and thus 
far we have had no unfavorable experience with it. About twelve 
years ago out of curiosity we exposed one of the joints and removed 
it and found it to be quite hard all through from one end of the joint 
to the other. It clung tenaciously to both the bell and spigot of the 
pipe. On the water end of the joint we found the yarn to be more or 
less frayed, but it was compressed tightly into the compound. This 
_ is as it should be, as I think the yarn plays an important part in 
_ making the joint water tight. As you may know, there is generally 
an initial leakage in freshly made compound joints, due to the porosity 
of the material and the absence of water tight adhesion to bell and 
spigot. This continues only until the yarn is compacted or con- 
_ solidated with the compound by the water pressure behind. The 
water pressure forces the yarn into the pores of the compound and the 
_ space between it and the walls of the pipe and seals it, as it were. 
_ Any solid matter that may be in the water mingles with the yarn 
and still further fills up pores and voids and makes the compound 
dense and impervious. 
_ On the outside end or face of the joint removed, we observed a 
- fairly thick film covering the entire surface and extending without 
break or separation from the cast iron of the bell to that of the spigot. 
10 


ndent, Water Service, Boston, Mass. 


4 Gores H. Finneran:* Mr. Bradbury has given us a condensed | 
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services and hydrant supplies, the lateral acts as a lever upon the 
sleeve and there is no accommodation or “give” by the sleeve because 
of the hardness of the joint compound and the bond between it and 
the cast iron, and something must give way. The failure usually 
occurs in the flanges of the sleeves—the weakest point. With a 
lead joint there is an accommodation or slip that absorbs the strain 
of settlement. Perhaps if we made up our compound joints with 


we might escape the fracture. There is another possibility, viz., 


It appeared to be rust 
from the compound through union of it and the soil, or whether it 
developed from the cast iron, through union of that and the soil, I 
cannot say. At any rate, we found it to serve as a bridge over which 
we passed an electric current, in connection with our inquiry as to 
whether or not the compound was a conductor ofelectricity. Our 
conclusion in this matter was, that new joints are non conductors, 
but after a length of time through means of this rust film, they become 
conductors. If it is desirable to make them conductors at the start, 
the same may be accomplished by inserting small wedges of cold lead 
in the joint space before the compound is poured. 

I might say here that the use of joint compounds does not prevent 
the passage of an electric current along the line of pipe. There are 
several ways and means by which the current may travel along the 
pipe line, not only as just stated, through lead wedges and the film of 
iron oxide, but also through contact of the end of the spigot with the 
interior of the bell, through the surrounding soil, and under certain 
conditions, through the water in the pipe. 

We have not been very successful with compounds when used in 
tapping sleeves. Quite a number of the clamped type of sleeves have 
broken at the flanges after being in the ground two or more years. 
We never have had a tapping sleeve with a lead joint, break. On the 
other hand, we never have had a bolted tapping sleeve break where a 
compound was used. This may be due to the “give” allowed by the 
bolts. The trouble with the clamped sleeves may be due to running 
our joints solid. When a compound joint hardens it hardens uni- 
formly all the way through. When a lead joint is caulked the density 
or extra hardness extends only so far as the effect of the caulking. 
The consequence is that the solid compound joint of a tapping 
sleeve becomes very hard all through and adheres to the iron. When 
settlement occurs, as it may, where tapping sleeves are used for 


yarn and the regular 2- or 23-inch depth of joint, instead of solid, 


VOL. 23, NC PIPE JOID 
VLA 
| 
nsed 
yh 
at 
eral 
1ent 
om- 
nal 
lat. 
Vill 
me 
‘us 
: 
n 
or 
is 
: 
1- 4 
e 
| 


that the flanges of the eetiiee may not be samsbeitallbabuatie strong to 
withstand the added strain. 

One often hears it said that a compound joint expands. To check 
up that opinion we filled a glass jar with leadite about ten years ago, 
and we have it in our office today without the semblance of a crack 
or expansion. If the material expanded there should be a crack in 
the glass. 

Some years ago we laid eighty lengths of pipe on a bridge where the 
vibration was very great. We used a compound for jointing material, 
and at first we had many initial leaks, but in a short time they stopped 
and eventually we had an absolutely tight line as observation of the 
joints showed. ‘The entire pipe line was visible at all times. 

I have often wondered to what extent the compounds are used in 
“wet work.” We usually hear of them in connection with new or 
dry work. How do they work out in a situation where there are 
leaky gates and water has to be “fought,” and where the pipe surface 
is wet and muddy? I should think that under such conditions the 
stiff braided yarn is a necessity in making up the joint. 

I understand there is not the danger of explosion when the hot 
compound meets any water that may be in the joint space. That is 
due to the much lower temperature of the compound than that of 
melted lead. 

In salvaging pipe jointed with compound we found it necessary 
to cut it out in pieces by means of cape chisels. We first tried melting 
it with an oxy-acetylene flame, but that was too hot and the com- 
pound thickened under the excessive heat as it does when ‘‘cooking”’ 
in the kettle. It would not run out and we could not regulate the 
temperature of the flame. If the pipe to be salvaged had not been 
laid on a wooden trestle we might have built fires around each joint 
that would produce the right temperature to make the compound 
flow. 

Generalizing, I am of the opinion that, with the knowledge and 
experience we thus far have of joint compounds, and excepting their 
use with clamped tapping sleeves, they compare favorably with lead 
and have the advantages over that material by reason of the elimina- 
tion of caulking and bellholes. 

Davip A. HerFeRNAN:! A few remarks from an experienced water 

works man, who has laid many miles of water pipe with lead as the 
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was the best material to use, may be in order. 

Some fifteen years ago I had the pleasure of listening to a very 
interesting discussion in Boston on Mr. Hawley’s paper on the use of 
leadite for joints in cast-iron water pipe. The many good points 
brought out by the various speakers, favoring the use of this com- 
pound over lead, impressed me so much that I thought that I would 
give it a trial some day and see for myself just how good it was. Fur- 
ther deliberation on my part seemed to always remind me of the 
possibility of those leaky joints as referred to by some of the earlier 
users of this compound. However, casting this idea aside, I placed 
my order and started to use compounds as a substitution for lead. 
My men did not like the change at first, but the more they handled it, 
the better they liked it. 

We have found in Milton that using compounds as a substitute for 
lead has been very successful. Some seepage in the joints was 
noticeable at first, but we claim that was due to the loose yarn used, 
as the small fibres of the yarn were embedded in the compound when 
poured. This trouble was eliminated by the use of a braided yarn. 

It costs a little more, but it is well worth it. 

Very few joints leak on our pipe lines, as all pipes are tested before 
filling in. A few remarks about our pipe laying might be of interest 
to you. We are now using de Lavaud pipe centrifugally cast in 12- 
foot lengths with cement lining. Cast iron fittings are also lined with 
cement. All the pipe laying is done by the Water Department 

employees. For testing the pipe before backfilling an Ellis and Ford 
nserting plug is used. This plug is tapped with 2-inch and #-inch 
openings, so that a large and small hose may be attached to puddle 
the trench in order to prevent settlement. Mr. Finneran of Boston, 
Mass., has brought up a point relative to the use of compounds on 


valve insertions. We have had one or two failures when we used a 


compound for jointing. This results, we believe, from the expansion 


of the compound when the sleeve is poured full. Consequently, we 


have abandoned the use of compounds for valve insertions and use 


Patrick GeAR:® I had some leadite in the shop for a few years. I 
tried at first to see if I could pour some joints, but did not succeed 


e as I could not get the right heat. 1 did not try to use it in any job. 


Superintendent, Water Department, Holyoke, Mass. 
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One fine day a young man came to my Office selling leadite. He 
as a good salesman. After listening for sometime I asked if he 
could pour joints that would hold water. He said “Yes.” ‘Alright. 
; I have some leadite down stairs.’””’ Then I would give him men, 
_ kettle, yarn—everything he wanted to pour joints. After the joints 
_ were poured, I asked him when he would turn the water on and he 
said in about two hours. Then we would turn on the water and it 
would leak all over the room. He would leave it until the next 
morning, have a look at it and it would still be leaking. He disap- 
peared and I have not seen him since. 
A year or two later a couple of young men came along. They 
looked as if they were just out of college. They could give a good 
game of talk and tried to convince me to buy leadite. I would ask 
if they could pour joints that would hold water. They said “Yes.” 
I would take them down in the cellar, give them two men, get two 
or three joints together, pour them, then would leave them set a 
couple of hours before turning on the water. The joints leaked and 
they left. I did not see them since. 
I was down at New Bedford and my friend, Mr. Taylor, was pouring 
42-inch joints. He had a little man melting leadite and he knew 
his job and when it was ready to pour he would say so and when it 
was tested there was no leak. 
A man by the name of Kelly came along. He said he could pour 
leadite joints. He did and I bought about six tons. We were 
laying 24-inch pipe out in the country where we could keep the trench 
open. After we had about a mile of 24-inch pipe laid we plugged 
each end and put on a pressure of about sixty pounds. There were a 
few small leaks. Mr. Kelly was present. He went along the trench, 
took a small stone and tapped the bell of the pipe that leaked and it 
stopped. 
We have such faith in leadite that we fill in the trench without 
testing. Since 1924 we have laid about 20 miles of 24-, 20-, 12- and 
8-inch pipe and have yet to find a leak. 
I would advise any waterworks man not to use leadite unless he 
knows how to heat and pour it. If he can do that there is no com- 
pound that is cheaper and will give better results. 


Ws. W. Brusu:* The story of the use of compound substituted for 


® Chief Engineer, Department of Water Supply, Gas and Electricity, New 
York, N. Y. 
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PIPE JOINTS 


lead has been presented to you very effectively, and I think correctly. 
However, it is like most stories. The application is sound under 
certain circumstances, but there are other conditions that exist where 
it is doubtful as to its soundness of application. In New York we 
have no question about the compound making a satisfactory joint, 
as far as watertightness is concerned. There is no question about 
the ability to have it run so that it will be satisfactory. We use it 
where we want to avoid leakage due to vibration. 

We do not, however, use it generally, because of the uncertainty 
as to the future use of the highway, within which the pipe is laid. 
With the development of large underground structures, such as our 
rapid transit railways, we have a great deal of movement of the earth 
around the pipe and the pipes move with the earth. If you have a 
stiff joint, such as a sulphur sand compound, you will find that it 
gives less flexibility or movement than you would get by the use 
of lead. Therefore, we use lead, because of the uncertainty of the 
future. 

I think that very properly if the determination made upon 
consideration of the conditions that are likely to exist after the pipe 
has been laid, ten, or twenty years from now, show that there prob- 
ably will be no serious disturbance of that pipe, or the foundation that 
the earth gives to the pipe, a compound would be a desirable material 
to use. 

If, on the other hand, we do not know when the earth will 
move and the pipe must move with it, I would certainly use lead, so 
that I would be likely to have a minimum amount of breakage. 
There is a place for both lead and the compounds in the laying of pipe 
and each of us should try to determine upon the conditions that are 
to be met and on which material we would recommend in the light 

of that evidence. 


Mr. Hawtey:? We have had the same experience that Mr. Fin- 
neran has had with tapping sleeves poured with lead and with leadite. 
We have come to the conclusion that it is not the material that is used 
or making the joints, but that it probably is because the face of the 
flange is not carried back under the bolts as at present designed, and 
that there is a strain put on the metal at the fillet of the flange, 
where the fiange is bolted. We are trying out a new sleeve now with 
the faces of the flanges extending clear back under the bolts. 
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FINNERAN:® V 
as I said before, we never have had a lead jointed tapping sleeve either 
clamped or bolted, that broke. 

Furthermore, we never had a bolted sleeve with a compound joint 
that broke. 

All our breaks have been confined to sleeves of the clamped type 
with compound joints. 

These facts would seem to indicate that the bolted sleeve witha 
compound joint gives a little. There is a certain amount of give to 
the bolts that one does not get in the clamps. 

The clamp is cast iron, and the bolts are made of wrought iron 
which you may know gives a little under strain. 

We have given this matter much study with open minds and from 
our experience we find it to be advisable to exclude the use of com- 
pounds from joints of clamped tapping sleeves run solid. 


M 


S. B. Morris:’ I just want to say as an additional observation 
that Pasadena and many cities on the Pacific Coast use cement joints 
almost altogether and whatever has been said about any of the com- 
pounds, leadite or any of the rest, may be said of cement, as far as 
its behavior is concerned. 

The cases where we use a compound, are where our excavations are 
in rock, or where bell holes are more than average cost to construct, 
but with average labor costs, we save money and get equally satis- 
factory joints with ordinary Portland cement, mixed with two parts 
of cement to one of sand. We have been using that continuously 
now for about eighteen years. We have something like 200 miles 
of cast iron mains, laid with cement joints in our own system. We 
have some cement joints used with fittings which are about fifty 
years of age and absolutely satisfactory at this time. ‘Those joints 
are not on cast iron mains, because we had none at that time, but 
all between fittings and riveted steel pipes. 

P. H. WickrersHam:® I would like to ask if anyone has had experi- 
ence in the action of leadite when the line is subjected to severe 
changes of temperature. The experience that we had was not on a 
high pressure line, or a water line, but was in connection with the 


7 Chief Engineer, Water Department, Pasadena, Calif. 
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PIPE JOINTS 


sewage disposal plant. The manifold which we used to introduce the 
solids to the separate digestors was under about 6 feet of earth 
pressure, and that was all the pressure that could possibly be exerted 
on the pipe. We used leadite and the joints in every case held, but 
in two cases the pipe broke. The pipe was a 6-inch pipe, class B, 
and the span was approximately 12 feet. I could not blame the 
external pressure for shearing the pipe, and the only logical explana- 
tion that came to my mind was the change of temperature which did 
vary, as elsewhere. The minimum covering of that pipe would 
probably not be 6 feet of earth. There might be places where the 
covering was not more than 4 feet, but the break was clear, absolutely, 
you might say, and it was practically normal to the axis of the pipe. 
The break was clean and did not show any material defects in the 
pipe at that place. The joints were undisturbed. We have re- 
placed them and reinforced them with a collar, and support has been 
given to this by leadite, and we have not had any trouble since 
then. One break occurred about two years and the other about two 
and a half years ago, and the pipe had been laid probably five years. 
I have just wondered if any one else had had a similar experience. 


T. J. SkinKER? We have laid twenty lines with leadite. One of 
these lines crosses a tunnel. We had to come out of the ground and 
laid it right on the top of the ground. We had to curve out and there 

_ were about 60 feet of the pipe on top of the ground. It is curved 
down on the other side after we cross the conduit. Those lines are 
laid with leadite and two years ago we had a temperature as low as 
twenty below zero, and we experienced no trouble at all with that 
tine. 

_ We have another line of 150 feet of 20-inch that is laid on the deck 
of the bridge, under nearly the same conditions, and we have never 
- experienced any trouble with either one of those lines. Three years 
ago we had a 36-inch main that had one joint right under the classifi- 
cation track in the Missouri Pacific switchyard. We had been going 
to that joint every three or four months, recaulking it. We dug 
_ down and put a bell sleeve over the joint and ran it with leadite. We 
_ have never been back since and have never had trouble. We have 
~ about 120 miles of main, from 6- to 36-inch, laid with leadite. 

We had one 36-inch line, a part of which we laid and ran the joint 
‘without using any yarn at all. When we turned on the water we had 


* Engineer in Charge of Distribution, St. Louis, Mo. © Sats 


int 
ha 
to 
m 
n- 
ts 
: 
: 
Ss 
| 
4 
i 
3 
q 
| 


3 
no trouble at all. We never test out our lines. We fill them imme- 
diately. We have had absolutely no trouble. 


Mr. Brapsury:! I would like to say just a few words suggested 
by some of the remarks that have been made. First, as to the square 
breaks. I presume that every superintendent has had square breaks, 
and most of us have had them on both leadite and lead jointed lines, 
In Franklin County we laid 100 miles of pipe before we used leadite. 
We had a number of square breaks. I cannot see that it makes any 
difference whether the joints are of lead, or leadite, and I always 
attributed such breaks to settlement. 

For what it is worth, I will mention that the salesman of one of 
these materials told me that in various places square breaks were 
encountered immediately after a violent change of temperature. He 
stated that he had heard of several places where this had happened. 

Mr. Gear spoke about the salesmen of these materials. I judge 
that they have sent him some awfully bad salesmen, because those 
who have come to Columbus could make these joints and make them 
pretty well. I witnessed one test made by a Hydrotite salesman under 
very adverse circumstances. He put a 12-foot length of pipe into 
a six by six tee, put plugs in, melted the hydrotite in an old water 
bucket and poured the joint with the crudest equipment. We 
tapped the pipe and filled it with water. Within half an hour after 
the last joint was poured we put 800 pounds of pressure on and blew 
the side of the tee out without breaking a joint. That man evidently 
did not get to Holyoke. 

I am a believer in testing all pipe to at least 150 pounds pressure, 
not only for the joint but for defective pipe. We have our larger 
sizes of pipe inspected by competent men at the foundry, and make 
hammer tests when laying, but nevertheless we will detect on the 
average one split pipe in every ten tests under 150 pounds pressure. 
These will not show until the pressure reaches nearly 150 pounds. 

There are doubtless many split pipes in untested systems. 

In regard to the use of compound joints where there are likely to be 
disturbances or settlements, I am inclined to raise the question as to 
whether, if the pipe settles enough to disturb compound joints seri- 
ously, it will not inevitably result in serious leaks in lead joints. I 
think such will be the case. 

I have often wondered why the East did not take to cement joints. 
I witnessed a test made by the Water Department of the City of 


— 
4 We 
| 
oF 
ke 
ig 
BS 


V. A, 


me- 


not been discussed. I have been connected with a number of lines 


burg, Pa. 


23, NO. 10] 


Columbus, under Mr. Hoover. Ninety-six feet of 6-inch pipe was 
connected and mounted on horses about 3 feet high and the joints 
made with Portland cement. Under 400 pounds pressure the middle 
horses were taken out. The middle of the pipe went almost to the 
ground before the joints showed any dripping whatsoever. = tite 

SrepHEN H. Taytor:!® In 1930 we laid 6670 feet of 48-inch cast 
iron pipe with leadite joints in our New Bedford system which was 
subject to unusually severe temperature changes. It was laid in a 
very bad swamp on pile bents with the bottom of the pipe approxi- 
mately at swamp level, and was covered with material brought over 
our spur track from a gravel hill 1 or 2 miles distant. The single 
spur track had to serve while the piles were being driven and pipe 
laid, so that no filling could be done until long after the pipe was 
laid. The pipe laying started in June and was completed in Sep- 
tember. The work of covering the pipe started after the completion 
of the pipe laying, in the middle of September and was not completed 
until February, 1931. The result was that the pipe was exposed to 
the extreme heat in the summer with no water in it until the middle of 
September; also to the zero weather in the winter, without being 
covered with earth. When the pipe was filled in the middle of 
September the leakage was noted until the latter part of October when 
it was deemed wise to circulate the water through the pipe to pre- 
vent freezing. 

The test was started again the latter part of April and the circula- 
tion was discontinued. When the test was first started the leakage 
naturally was considerable, approximately 600 gallons per day per 
nch-mile. It gradually reduced, however, to about one-half that 
amount before the circulation was started or in approximately one 
month. 

The leakage at the present time has reduced to about 25 gallons 
per inch-mile per day. We consider that, under the unusually severe 
conditions, these results were very satisfactory. 


Freperick H. WeEp:" I want to bring up another point about the 
use of compounds for cast iron pipe joint material that, perhaps, has 


10 Superintendent, Water Works, New Bedford, Mass. 
11 With Gannett Seelye and Fleming, Consulting Engineers, Harris- 
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in which compounds were in use very successfully. I have another 
line now, a cast iron line, which will not be buried. It will be open 
to the air and the line will freeze, of course, to some extent. But 
we expect the water velocity to be great enough, so that the freezing 
will not go in to any considerable degree. 

We are somewhat doubtful as to whether it will be advisable to 
use compounds, because of the porosity of the compound, as to 
whether it would scale out due to freezing, that is, due to the expansion 
of the joint material when wet and frozen. I want to ask if anyone 
has had experience with this situation. 


SrerHEN H. Taytor:!® I might say that our line, of which I just 
spoke, was filled about the time the freezing weather came on, and it 
was subjected to just that test, with apparently no ill effects. 


Mr. Weep:" That is very interesting. 


W.C. Hawiey:? Mr. Bradbury cited several cases, for instance, 
lines over bridges, where the use of leadite had overcome difficulties 
which had been experienced previously with lead joints. I am re- 
minded that in Atlantic City some 30 years ago the 20-inch force 
main crossed under the Reading Railroad at a point where there was 
severe shock due to heavy trains. The pipe was laid in the meadow 
mud with lead joints. On account of leakage, from time to time it 
was necessary to dig down to these joints and re-calk them,—a 
difficult and expensive job. About 1904 or 1905 these lead joints 
were cut out and replaced with leadite and up to 3 or 4 years ago 
there had been no trouble with these joints during all that time. 
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RATES FOR OUTSIDE CONSUMERS 
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Wm. W. BrusH:! I doubt very much whether we can establish 
any definite rule, except the rule of what is fair, and equitable, which 
is not easy to interpret. We have around New York City, a number 
of communities that are not in a position to obtain economically 
their supply in part, especially in Westchester County, due to the 
fact that New York City many years ago utilized the Croton 
Watershed for its citizens, whereas the Croton Watershed would be 
the natural source of supply for a number of communities in West- 
chester County. 

The result is that New York has been compelled by law, and New 
York did not object to the law being passed, to furnish water to 
communities outside of New York, at the request of such communi- 
ties, under plans which were to be passed upon by the Water Depart- 
ment of the City of New York. Originally the rate fixed was the 
flat meter rate for consumers inside of New York City. That rate 
was naturally objected to, because the argument was made, and made 
in this case with a great deal of support of fact, that the water sup- 
plied outside of New York City was taken without the City having 
the expense of constructing the distribution system and maintaining 
the distribution system that was required to deliver the water to the 
consumers within the city. 

About three years ago the New York Legislature passed an Act 
requiring the City of New York to furnish water to the communities 
outside of New York at the actual cost of the water, excluding the 
distribution of water within the city limits. There was a question 
as to what represents consumer cost, or actual cost and our corpora- 


tion counsel ruled that that would be based upon the reproduc- 


tion cost of the plant, less the depreciation. After many consulta- 


- tions with the representatives of the communities outside of New 


York, the City offered a rate for Catskill water of three-quarters of 
the City rate. The City rate was 10 cents a hundred cubic feet and 
they offered it for 74 cents per hundred cubic feet. The rate of five 


1 Chief Engineer, Department of Water Supply, Gas and Electricity, New 
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cents was established, bien for Croton water. That was be- 
cause the Catskill water was higher in cost and pressure than the 
Croton water. 

_ That rate was accepted by the communities on a ten-year basis, 
_ There is no force of law in the ten years, and either the city or the 


jt will be carried through by both parties. To the speaker it is a 
very fair rate, because as near as we can determine, it represents sub- 
stantially the cost of each supply to the City, when the water is 
brought down to the City limits. It makes no difference whether 
_ either supply is taken at the City limits, or 10 or 15 miles above the 
City limits, as the rate at which water is taken will probably be a 
* - maximum when the supply will be at a minimum due to drought and 
at such time New York would like to have the water rather than sell 
it. Therefore, the water tributary to the Catskill or Croton system, 
even though on the watershed, is charged at the fixed rate if taken 
by a community. Although there was some criticism on the stand 
taken by the City, it was not questioned, and the speaker believes 
that it should not be questioned. The rate should be the rate that is 
represented by the cost to the larger community that is serving the 
smaller one. The smaller community has the advantage of saving 
the capital installation that would otherwise be required to secure its 
supply. It has not placed on it the responsibility for furnishing a 
sufficient supply. That responsibility must be accepted by the larger 
community furnishing the supply, and we believe that the rate is an 
equitable one. As far as I can determine, those who are accepting 
° the water also believe so. 
Franxum Hensnaw? I cannot speak too strongly about the 
fairness of the City of New York in treating us in this very vital 
question. They treat us in every respect as fairly as anybody could 
ask for, and Mr. Brush, himself, gets a very large portion of that 
credit. 
_ §. B. Morris:? We supply three separate communities in addition 
to our own, but we supply the individual consumer and not the 
community. We distribute water outside our city at a rate about 8 
or 10 percent higher than the rate in the city. That difference in 


* Superintendent, Water Works, Scarsdale, N. Y. 
Chief Engineer, Water Department, AWE 
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the charge we justify because we pay taxes on all parts of the system 
outside our corporate limits, and do not pay taxes on the portions in 
the city. There is one modification to that; we have taken over 
some private water companies that serve an area higher than the 
city, and there we have continued to serve them at the higher rates 
that were being charged by the companies that we purchased. 
Those rates run higher by about 40 percent than the city rate, but 
the average elevations served are from 300 to 600 feet higher in 
elevation, necessitating that additional lift to the territory outside 
the city. 

In other communities in California, the matter is handled some- 
what arbitrarily. I know in the City of Los Angeles there is a rate 
which is, I should say, in the average probably 50 percent higher 
than in the city. The same is true in Long Beach, and in most of 
the communities there is a large differential between the charges in 
and those outside the city. It is rather difficult to determine for 
any community what the difference in the charge should be, because 
their rates are based upon different situations. In some cases the 
collection of taxes in the city for water purposes justifies a higher 
water rate outside the city where no taxes are paid for water. We, 
of course, justify the charge of a higher rate outside the corporate 
limits than inside, for the reasons already given, but some other com- 
munities have the reverse of that, in that they are taking money 
from the water funds and applying it to general city purposes. In 
such cases, where they are charging even an equal rate outside, they 
are probably charging people outside more than they are justified 
in doing, if true costs were known. 

_ The whole problem, it seems to me, is the rate structure which the 
community adopts and it should charge outside a rate upon the same 
basis that the private utility would charge outside of the corporate 
limits, that is, a fair rate of return on the capital invested after pro- 


L. N. Taompson:* The City of St. Paul, Minnesota, has four or 
five separate communities that are receiving their water from our 
city. In the last year, or two, we have been looking around for some 
system, or method, by which we could make an equitable charge for 


the water furnished to these different communities. = = = 


. Paul, Minn. 


4 General Superintendent and Engineer, Water Department, St 
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expense has to be provided for by the Water Board, and payment for 


_ the citizenship and plant earnings. Those living outside of the 


A. W. W.A, 

Several years ago, when they first started serving an outside com- 
munity they furnished water through a master meter. Later, as the 
different communities came in, they abolished that policy and fur- 
nished the water through separate meters to each consumer. That 
is, we abolished the idea of a master meter. Now considering 
whether or not we should raise the rate to the outside community 
consumers, the question has come up as to whether or not these 
people are not moving outside of the city, to just outside the city 
limits, to avoid city taxation. If they are doing that, is it fair to 
the people inside the city to furnish them water, and all the facilities 
that the man inside gets, for exactly the same rate that the man 
inside the city is paying? 


W. H. Vaueun:’ At Fort Smith our water system is supported 
and the improvements made by property tax in addition to the earn- 
_ ings of the plant. 
Besides the fringe of consumers barely outside of the corporate 
limits of the city, we have one little settlement of 1,000 or so inhab- 
itants. These outside consumers we furnish at a rate one-third 
higher than that which applies in the city. Their minimum is $1.00, 
whereas that in town is 75 cents. 
Before any extension can be made to these outside consumers the 


the same is made out of the funds which are built up of taxes upon 


- corporate limits are free from this tax. Therefore, we think that the 
outside rate naturally should be higher than that in the city. It has 
been quite a question to decide the fairest way that this rate should 
be adjusted. None of the natural water resources of those outside 
4 the city is jeopardized or curtailed or decreased in the slightest degree 
on account of the city water supply. 


__E. G. Brapsury:* In Ohio that matter is covered to a certain 
degree by a State law. The statute provides that any municipality 
_ may sell water to consumers outside of the city at a price not exceed- 
ing the city’s rate, plus 10 percent. This is interpreted by the City 
of Columbus as meaning that they must charge the city rate, plus 


* Superintendent, Water Department, Fort Smith, Ark. = 
County Sanitary Engineer, Columbus, O. 


¥] 
| 
| 
} 
4 
j 
ir 


23, NO. 10] 


1607 


RATES FOR OUTSIDE CONSUMERS 


10 percent, whether they sell directly to a consumer, or whether they 
sell to a municipality. 

In the case of county mains, the water is sold by the city directly 
to the consumers at the city rate, plus 10 percent. In the case of 
suburban municipalities, the municipalities, supplied through a 
master meter, pay the same price that the citizens in the county pay 
at retail. The result is that the small municipalities have to nearly 
double that price to their consumers, in order to cover their expense. 

There is one rather important feature that no one has mentioned, 
and that is the difference between the average cost of supplying water 
and the out of pocket cost of producing surplus water. I will illus- 
trate that by saying that the Water Department of the City of Colum- 
bus gave me a statement a year or so ago, which showed the amount 
of water sold by the City of Columbus outside of the city during the 
previous year. The amount was a total of about $106,000, if I re- 
member correctly. According to the figures compiled by the Water 
Works Department, the actual out of pocket cost to the City of 
Columbus for furnishing this surplus water was about $12,000 and 
showed a profit to the city of over $90,000 on a sale of $106,000, the 
price being 10 percent above city rate, which is not much above the 
average cost of producing and supplying the water. 

I realize that the outside territory is not paying anything toward 
the first cost, or fixed charges on the water supply, but the out of 


pocket cost of surplus water is something that those in charge of city 


water departments might properly take into consideration. The 
contracts made by the City of Columbus, for sale of water outside 
of the city, conforming to the State law, provide for sale of surplus 
water only, and they reserve the right, if the quantity of water is not 
sufficient to meet the requirements of the outside territory, that it 
may be cut off. The volume of water sold outside the city is about 
5 percent of the total consumption. The city and the management 
of the water department take a very proper position, I think, that 
their supply should be capable of furnishing an excess of 40 or 50 
percent above the average city demand. Hence it is apparent that 
the city has not been to any added construction expense on account 
of selling the water outside. ' 
This point might be illustrated further by reference to another 
case. I happened to be called upon by a municipality in Ohio to 
assist them before the Utilities Commission in the establishment of 
new rates, and it was shown that the average cost of producing water 
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in that town was 22 cents per thousand gallons. The Commission 
‘permitted them to charge the large consumers 25 and the small con- 
_sumers, I think, 44 cents. The water company, of its own volition, 
_ asked permission to cut the price to the large consumers to 15 cents, 
or less than the average cost of producing the water. At a price of 
15 cents they could sell surplus water to the railroad companies and 
_ their out of pocket cost was about 6 cents. At the higher price they 
would lose this business. So there was a specific instance of a going 
- eoncern, a water company, asking to be permitted to sell water at a 
price less than their average cost of production, because they could 
at a profit. 


C. M. Crowtey:’ As a rule, water supplies were originally con- 
structed to take care of property within the then existing city limits, 
and mains and reservoirs were planned accordingly. In the early 
days, with slow transportation, property values (and tax revenues) 
were largely based on distance from the business center, varying with 
elevation and other local characteristics. Owners of property out- 
side these limits, tempted by the attractive prices then prevailing 
daa these conditions and rapid transit, which came in like a thief 
in the night, proceeded to plat additions outside the limits in all 
directions. The result was and still prevails that large areas in the 
city remain vacant and depressed in the matter of taxable values. 
_ It had the same effect as a large crop on full elevators. It seems to 
_ be instinctive in human nature to go to the suburbs for sunshine, 
fresh air and elbow room. If all the modern facilities are provided, 
that trend will increase with corresponding depression of realty tax- 
‘pile values within the community limits. Bond issues must be 
backed by city valuations. 
- This subject is not a popular one. Water department officials 
are not responsible for these conditions, although they are the first 
to feel the pressure. Some one must take notice very soon when bond 
issues are demanded. 
It may do no harm and some good to get the subject into the record 
to show the problem up. Quoting New York, an empire in itself, 
will not meet the issue for the average city. Suburban develop- 
ments are often in an opposite direction from the larger mains. Fire 
protection, of course, is an important feature. Expensive invest- 
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ments are often necessary to supply these developments. Other 
utilities must face the same conditions. 


Owen A. McCartuy:’ I have a question to ask the representatives 
of the American Water Works Association. I am from Dearborn, 
part of the metropolitan district of the City of Detroit, and we pay 
100 percent over and above the City of Detroit’s rate for all the 
water that we purchase from the City of Detroit, and that amounts 
to about twelve million gallons a day. Is there any other city asso- 
ciated with our association that charges double rate, or 100 percent 
more to consumers outside their territory? 


A. C. Rocrrs:’ As to the question about Detroit, Mr. McCarthy 
must remember that his locality is away from the source of supply. 
In other words, it is the Detroit River that makes an admirable 
source of supply. The City of Detroit has gone to an investment of 
a good many millions of dollars, without any question. I think that 
any rate that Detroit could tax them would be cheaper than for 
them to set up a distribution system, a pumping system, including 
the filtering of the water, and the proper control of it for themselves. 

In Toledo, Ohio, we have a peculiar variation, in which the water 
system is now extended into two counties. It is true, as Mr. Brad- 
bury has stated, that the State law has as a base a numerical rate of 
10 percent. In Columbus they charged 10 percent, but I believe 
that I am right in stating that they have the water distributed be- 
yond the city line, and they probably meter it there. I believe that 
it is the same in Detroit. At the present time there is quite a dis- 
cussion in Cleveland, because the typography in Cleveland is a good 
deal like Pittsburgh, and the source is the lakes, and the different 
subdivisions and the towns adjacent to Cleveland want to get the 
water. If you would examine the unit cost of water near Cleveland, 
you would find that it woud cost you more as you increased the dis- 
tance, because the question of mains and sizes of mains, etc., would 
come into the question. 

In Toledo they have, through acquiescence and just common 
practice, for quite a number of years allowed the county to lay lines 
and turn the water on, and the city at the present time asks a rate 
10 percent above the city rate. But they have on top of that the 


Superintendent of Water Supply, Dearborn, Mich. 
9 Commissioner of Water, Toledo, O Pine 
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- burden, not only of reading the meters, but of billing these different 
_ accounts and then collecting for them. I think it was this Spring, 
~ or last Fall, that the City Council, of the City of Toledo, passed an 
- ordinance permitting the directors service to make such rates and 
rules and regulations pertaining to the distribution of the water and 
the service outside of the city as they saw fit, but the rates were not 
to exceed 100 percent of the city rates. Naturally there would be 
quite some little discussion on that and quite some little howl, but 
5S the fact is that there is various restricted territory outside of the city, 
_ lying away from the river and the lakes, which would be very seriously 
handicapped for a source of supply. Therefore, eaanay any rate 
- would be better than supplying the water themselves. __ 
CHAIRMAN Tay or: I think it would be interesting x to ask for a 
show of hands. This has been pretty well discussed, so we may call 
_ for that. How many are supplying communities other than their 


CHAIRMAN TAYLOR: _— those with a lower rate than the rate 


ay charged in their own county, or their own community? 


Cuarrman Taytor: Those who are charging the same rate now? 
Twenty hands showed. 


Mr. McAvoy (Dubuque, Iowa): We have a little different plan. 
_ We charge them the cost of laying the service lines and then charge 
them the same rate. 


CHAIRMAN Taytor: The vote showed that there were sixteen 
that re higher rates, one lower, and twenty had the same rates. 


i 
. 
i 
dar 
= 
; 


ate 


w? 


2 : tional labor and possibly cost more than the saving in joint materials. 


THE USE OF CAST IRON PIPE IN LENGTHS LONGER THAN 
12 FEET 


N. B. Lyue:! There are several lengths which are standard in the 
manufacture of cast iron pipe and there are several things to be con- 
sidered when choosing the most economical length to be used for any 
particular job. 

We shall discuss two of the most important factors in my belief 
which enter into any and all jobs. They are the cost and the physical 
properties. 

In the first place place labor for trenching, labor for making up each 
joint and labor for backfilling is the same, regardless of length of pipe. 
The only increased labor is that of handling 16- over 12-foot lengths, 
which is very slight, and the chances are that equipment which will 
handle a 12- will handle a 16-foot length without extra cost. 

Secondly, the actual saving in cost of joint materials is approxi- 
mately 25 percent and on the face of it, it would appear that the actual 
saving of 16- over 12-foot length would be 25 percent. However, the 
increased labor for handling (however small it may be) enters into 
the matter and lowers the percentage of effective saving to a figure of 
between 20 and 22 percent. This, of course, will vary on each partic- 
ular job, but authentic cost figures on jobs where both 12- and 16-foot 
lengths of pipe were used gave the results mentioned. 

It is logical to assume that, if the length of the pipe were increased 
greater than 16 feet, then the saving would be still greater; but it 
must be borne in mind that, if very much cost is added to labor of 
handling, the percentage will reverse itself and show an increase in- 
stead of a decrease. This can be readily seen by assuming that it 
requires two men to handle easily a given size of pipe 12 feet long, 
and that the same lengths were used it would probably require addi- 


Now just a few words for consideration on the physical side of the 
proper and most economical length. In sizes up to and including 
6 inches diameter it does not really matter how long they are so long 
as they may be handled economically. This is due to the fact that 


1 Scranton-Spring Brook Water Service Company, Scranton, Pa. 
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pipe up to and in ng 6-inch may be actuall thereby giving 
them great flexibility. This is something for serious consideration, 
The average person cannot conceive of the different stresses and 
strains to which a pipe line is subjected under the ground. Traffic 
_ vibration, water hammer, earth movements are some of the things 
which pipe lines have to withstand and in order for the line not to 
_ break there must be some provision made to take up these move- 
_ ments. The most logical place, of course, is in the joint. As pre- 
viously stated pipe up to 6 inches diameter has the ability to bend 
ee and plus its joint flexibility, it may be made in any length economical 
handle. 
__ But in sizes 8 inches and larger, due to the increased metal thickness, 
_ the pipes are rigid and act more or less like a beam and the only 
he ‘flexibility obtained is in the joint itself. Therefore, there is a limit to 
| 7 the lengths above 8 inches diameter and this limit has been found to 


. _be about 16 feet. This limit, of course, was made under the average 
condition to which a pipe line is subjected and it is claimed that on 
_ pipes which do not have the ability to bend, provision should be made 


temperature, etc., every 16 feet. 

In order to have the same efficiency in resistance to traffic shocks, 
etc., there is no question but that the bottom of the trench for lengths 
longer than 12 feet must be given a great deal more attention than 
- for 12-foot lengths. In other words, pipe line composed of 12-foot 
lengths will more readily adapt itself to irregularities in the trench 
bottom than a line composed of pipe of longer lengths. Also, a stress 
on the pipe acting as a beam in the ground is very considerably more 
on the longer lengths than it is on 12-foot lengths. In addition, it 
might be well to keep in mind that in the event of breakage occurring 


- considerable. For instance, a damaged length of a broken 20-foot 
length of pipe really corresponds to practically two 12-foot lengths. 
I question whether engineers and purchasers generally give enough 
consideration to these factors, which should have fully as much 
thought as the actual price of the pipe per foot itself. 

In diameters 14-inch and larger, 12-foot lengths of pipe are pre- 
ferred in practically all installations, with the possible exception of 
_ Jong cross-country lines, such as supply lines, in what is termed middle 
_ gize pipe, 14- to 20-inch inclusive. On 24-inch and larger pipe no 
sound argument for lengths longer than 12-foot have been advanced. 
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ane USE OF CAST IRON PIPE 

A study of sales of one of the larger manufacturers clearly indicates 
that there is a definite field for 12-foot lengths and a definite field for 
longer lengths in diameters 4- to 12-inch, and that there is a limited 
field for longer lengths in diameters 14- to 20-, or possibly 24-inch. 

In all of these comparisons of 12-foot and longer lengths of cast iron 
pipe, the one argument which apparently influences the purchase is 
the fact that the pipe in the longer lengths probably costs slightly less 
per foot because of the fact that the weight of the bell is spread over 
more footage of barrel. While this is desirable, the question arises 
whether or not it does offset some of the disadvantages of the longer 
lengths. 

There is no doubt but the trend in the use of cast iron pipe is to- 
ward longer lengths. 

It has only been during the past eight or ten years that centrifugal 
pipe has been made for commercial use. Up until that time, the 
majority of pipe used was the sand cast or pit cast pipe; the bulk of 
which was made in 12-foot lengths. Some few foundries, however, 
had facilities for making this pipe in longer lengths, but there was 
practically no demand for it. 

The foundries that started to make centrifugal pipe, which is, of 
course, thinner and lighter than the old pit cast pipe, had to have 
quite a few good selling arguments to overcome the rather general 
prejudice among water works operators for thin and lightweight 
pipe. 

They devised the method of making longer pipe as a selling argu- 
ment and the longer length pipe has obtained a very strong foothold 
during the past four to five years. In fact, a good many pipe men 
predict that it is only a matter of ten years before there will be no 
more 12-foot lengths of pipe made except in very large sizes, say, 
from 30 inches up. 

The sandspun patent is owned by a number of concerns in the 
country, but the American Cast Iron Pipe Company, R. D. Wood 
and Company, and Warren Pipe and Foundry Company are the only 
ones making a pipe under this patent in the United States today. 

The American Cast Iron Pipe Company and Warren Pipe and 
Foundry Company make from 4- to 12-inch pipe in 16-foot lengths 
and the American Cast Iron Pipe Company is now putting in equip- 
_ make up pipe to 24 inches in size in 16-foot lengths. R. D. Wood 
and C Slat make their pipe on a meter basis as they sell quite a 
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quantity of pipe for export and their pipe has a laying length of 16 

feet 53 inches. 

R. D. Wood and Company also make some large size pipe 16-, 20- 
and 24 inches in 20-foot lengths. During the past fifteen to eighteen 
months, they have sold quite a quantity of this pipe in 20-foot lengths 
and they report that the engineers who laid the pipe are very much 
satisfied with it and have encountered no difficulties in laying such 
large pipe in such long lengths. 

DeLavaud Pipe, made by the United States Pipe and Foundry 
Company, the National Cast Iron Pipe Company and Jas. B. Clow 
Company, is made in both 12- and 18-foot lengths. The United 
States Pipe and Foundry Company and National Cast Iron Pipe 
Company have considerably more equipment to make 12- rather 
than 18-foot lengths and they only make 18-foot lengths in from 4- 
to 12-inch sizes. 

For this reason they are now selling more 12- than 18-foot lengths. 
They have been considering, however, putting in additional equip- 
ment for making 18-foot lengths of pipe at their various foundries 
just as soon as business conditions warrant the expenditure of addi- 
tional capital funds for this purpose. 

MeWane Cast Iron Pipe Company, who make a pipe which is 
strictly neither pit cast nor centrifugally cast, but which is sand cast 
horizontally, also make their pipe in 16-foot lengths. They have 
provisions at their Birmingham Plant for making this pipe in 12-foot 
lengths, but it is the exception rather than the rule when they receive 
an order for pipe in other than 16-foot lengths. They recently com- 
pleted an addition to their Provo, Utah, plant which is to make 16- 
foot lengths of pipe exclusively. 

Where the pipe is going to be laid, of course, has considerable to do 
with the length of pipe used. It is felt that in highly congested dis- 
tricts, such as the business sections of large cities like New York, 
Philadelphia, Chicago, Detroit, etc., sometimes it is better to lay 
shorter lengths of pipe due to the fact that the streets in these highly 
congested sections are usually full of gas lines, steam lines, telephones, 
cables, etc., and it is easier to install the shorter lengths. It seems to 
be the consensus of opinion, however, that where they do not have 
such conditions, the longer length of pipe has everything in its favor. 

Leaving the question of quality aside, let us consider 12- vs. 16-foot 
lengths of pipe of the same thickness, weight and quality. You have 
a lower original cost at the foundry, due to the fact that the weight of 
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- wet trenches probably less bailing. These items will probably bal- ; 
the extra cost of digginga bettertrench, | 


580 pounds. 
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also a slight saving in the freight charges, less handling expenses = i 
loading and unloading pipe and stringing it along trench-side. You ee 
have less joints to make and can lay the pipe faster; and having less — 
joints you naturally have less possibilities of leakage at the joints. 
There is, also, an additional saving in the labor of making joints per 
mile of pipe as, naturally, there are fewer joints to make and also a | 
saving in the cost of jointing material per mile of pipe. 

The manufacturers admit that there is a limit to the length that — 
they can make centrifugal pipe that would be successful commercially. — 
Some of them doubt that it is practical to make large size pipe in ae 
lengths as long as 20 feet. However, they are still conducting 
experiments. 


F, P. Larmon:? In the days of long ago, I removed and relaid some © 
8-inch pipe that was in 9-foot lengths. This pipe was made in Scot- fe Ss 
land, and if it did not come over in the Mayflower it came soon after. — 

Last fall I was interested in watching the installation of some 20- — 
inch cast iron pipe in 20-foot lengths and I could not see that it was : 


of 20-inch pipe than it did the 9-foot lengths of 8-inch pipe, the reason 
for this being that in handling the 9-foot pipe we simply used hand 
labor. The handling of the 20-foot length of 20-inch pipe was a 
matter of equipment, one man with a crane lifting the pipe out of the 
car and placing it on the truck, and one man with a crane lifting it 
from the truck and placing it in its proper positionin the ditch. 


TRENCHING 


The trenches for the longer lengths of pipe will have to be smoother — 
and with less curvature than for the short lengths, and the bottom 
made more uniform, which, of course, will add somewhat to the cost. _ : 
_ Against this there wil be fewer bell holes to dig, which will niean in a 


LOADING AND UNLOADING | 


In 6-inch class ‘“B” pipe a 12-foot length will weigh about 400 = 
pounds, a 16-foot length, 520 pounds, and an 18-foot length, _ 


2 Division Engineer, Federal Water Service Corporation, New York, N. Y. 
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It will take a little more hand labor to handle the 580 pounds 
than it will the 400 pounds, but for each length of 18-foot pipe you 
handle more tonnage and as much footage per man as with the 
shorter lengths. This holds true with the 8-inch, whereas in handling 
the 12-inch pipe even the 12-foot lengths should be handled by power 
and not by brute strength and awkwardness. So I seriously doubt 
whether in the long run there will be much difference in the cost of 
unloading from car to stock pile or lowering into the trench between 
the 12-foot lengths and the longer ones. 


HAULING 


The capacity of a truck in hauling pipe is seldom gauged by ton- 
nage, but more by bulk, therefore, there is no drawback to handling 
the longer lengths of pipe on account of weight. In fact, on a ton 
basis it should be cheaper to haul the 18- than the 12-foot lengths. 
However, it will probably require a longer body on the truck than 
that which most water plants have as standard. 

In lowering the pipe from the truck to the ground more care must 
be taken to prevent breakage and probably there will be a slight in- 


crease in cost for this particular item. | 


LOWERING INTO THE TRENCH 


It will take 3 men to lower an 18-foot length of 6-inch pipe into 
the trench, whereas two can handle a 12-foot length, but this cost 
balances per foot of pipe. If you go into the larger sizes above 
8-inch they would have to be handled by a derrick, and if you get 
into the still larger sizes you probably will require a derrick or a crane 
with power. In this case it makes no difference whether you are 
handling 1000 or 1500 pounds. The cost is practically the same per 
length and therefore less per foot. 


On a basis of lead joints, we will make a decided saving due to 
the fewer joints in long length pipe. Less bell holes would be re- 
quired for the long lengths, less joints to caulk and less lead per foot of 
pipe. Figures are often misleading and the figures which are appli- 
cable to one job do not apply to another, due to the variations in labor 
costs, efficiency, and general conditions. However, as a matter of 
comparison let us take a 6-inch pipe and assume that it costs us 10 
cents a joint for the labor of caulking. That would mean for a mile 
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of pipe $44 using 12-foot, $33 for 16-foot, and $30 for 18- foot lengths. 
We will use about 10 poends of lead per joint at 7 cents per pound. 
Then our lead would cost us for 12-foot pipe $306 per mile, and 16- 
foot $232 per mile, and for 18-foot $206 per mile. Combining the — 
lead and the cost of caulking would show a saving per mile of pipe over 
12-foot length of $84 for 16-foot and $114 for 18-foot pipe. Using © 
compounds the saving would not be as much. 
BACKFILLING 
Backfilling around and under the long lengths of pipe should be _ 
done with more care than with the 12-foot so as to prevent bridging _ 
any considerable distance. 


The breakage in the longer lengths of pipe would probably run 


slightly more than in the short lengths until the men learned to ~~ 


handle these longer lengths with extra care. 
OPINIONS 

Inquiry among contractors, superintendents and pipe manufac- fi 
turers shows a considerable difference in opinion, some coming out 
strong for the long lengths of pipe, others for the short. One con- 
tractor states that his observations have led him to feel favorably 
towards the longer lengths, but the cost of installation runs along the — 
game lines, that the longer lengths are a little cheaper to haul, and 
_ that the ditching cost is practically the same. Another contractor 
sums it up for the long lengths in a saving in joint material, smaller — 
labor cost when the speed of trenching is such as to require additional _ 
—caulkers to caulk 12-foot joints; slightly lower cost for unloading in _ 
— 16-foot lengths, and less cost for handling into trenches and making 
holes. 
A third contractor states that from his experience he would prefer _ 
to lay 12-foot lengths, especially when you are in bad ground and © 
that over rough country the short lengths are more economically 


handled with less breakage. There is no objection to laying longer _ 


lengths in 12 inches and larger sizes when they are being laid by | 
machine. However, in handling long lengths of pipe by common 
labor the cost runs up more than the saving amounts to. 

The pipe manufacturers seem to differ along the same lines. One 
manufacturer states that under certain conditions the 12-foot lengths 
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would be more niedigtios. in other wedbiens the 16-foot or longer 
would be cheaper. 

Another manufacturer states that, in his experience, the longer 
lengths of cast iron pipe have many advantages and no disadvantages, 
but qualifies that later that the only disadvantage in the longer pipe is 
where a pipe line construction is under way in congested city streets. 
Another states that from his experience in diameters 4- to 12-inch 
for work in city streets 12-foot lengths are preferred and for the same 
diameters for work in outlying sections the longer lengths are 
preferred. 


Gee factor that is of souatineahle importance is that of leakage, 
leakage being normally a question of joints. A pipe line having 33} 
percent less joints would have 333 percent less leakage, and this 
question of leakage was brought home to us rather sharply during 
the extremely dry spell of the past year when many of us were forced 
to conserve water inevery way. And there is also a factor in the coal 
pile, because it costs just as much to pump a 1000 gallons of water 
through a leaky joint as it does to pump it to the customers’ spigots. 


CONCLUSIONS 


From my own experience in handling pipe and from the answers 
received from contractors, manufacturers, and water works super- 
intendents, I am of the opinion that in many cases superintendents 
have attempted to use the improper lengths of pipe for the conditions 
under which the work was being done. The shorter lengths of pipe 
are best to use in rough country and in congested districts where 
there are difficulties due to surface and to sub-surface obstructions; 
the longer lengths are of decided advantage in open country and in 
the lesser congested streets. In applying this it must be borne in 
mind that proper equipment must be provided for handling the extra 
weight and that in many cases the longer lengths of pipe have been 
condemned due to the attempt to handle it by hand, when power 
equipment should have been provided. 

I do not think that any one length should be standard, but that the 
water works operator should have in stock a supply of the different 
lengths of pipe in the same way as he carries a supply of the different 
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GeorGE H. FINNERAN:* There are one or two disadvantages that 
occur to me in the use of longer than 12-foot lengths of pipe. There is 
the wastage caused by placing branches for hydrants and side streets, 
where certain lengths of the pipe have to be cut off. They are 
practically a loss. You cannot use a 3-, 4-, or 6-foot length of pipe 
again unless you use a sleeve and that means two joints. Then there 
is the transportation. The average length of the average truck body 
is about 8 feet, and a 16-foot pipe will give an overhang of almost 8 
feet. That meansa special type of truck, or cart, or something of that 
sort to transport it to the job. 

In our stock yard in Boston we have a large accumulation of bell 
ends of 6-inch pipe, caused by cutting the 12-foot lengths for hydrant 
leads. The average lead to a hydrant is 6 or 7 feet and there is a 4- 
or 5-inch piece of pipe wasted or left over. It may be that with a 
16-foot pipe the loss would not beso much. odd ai 

_ Ws. W. Brus: On pipe, up to and including 12 inches in diam- 
eter, we allow the foundry to furnish any length from 12 feet up 
laying length of pipe delivered to us. Our purchases are strictly ona 
competitive basis, and whoever gives us the lowest figure per laying _ 
foot of pipe is the contractor that obtains the contract for that par- 
ticular pipe. 

_ There are some very important questions to be answered. I do 
not know that we can answer them as yet. I do not understand what 
is meant by a 25 percent saving, which is apparently a 25 percent 
_ saving on the joints alone. It is certainly not a saving on the pipe. 
said one way or the other. There may be a slight difference. I 
_ believe that the longer length of pipe is here to stay and that we are 
- going to try, after a while, to see what we can do with it. We really 
have no selection as to the length of pipe. If we wish to get it eco- 
-nomically we will take the longer length. But keep in mind, that a 
-6-inch size is practically certain to break in the body of the pipe. 
_ In other words, the pipe is weaker as a beam and it usually splits at 
right angles to the axis of the pipe. With an 8-inch pipe about one- 
half of the breaks are in the center of the pipe and only half at the 


3 Superintendent, Water Service, Boston, Mass. 
_ * Chief Engineer, Department of Water Supply, Gas and Electricity, New 
York, 


AST IRON PIPE 1619 ieee 
er 
l 
s. 
*h 
le 
re 
= 
) 
= 
a 


bell. Pipe larger than 8-inch splits in the bell, and that is the weak 
point in your pipe system. 

If you lengthen the pipe you are going to lengthen the beam and 
the result is that you will have a weaker line, unless increased strength 
of metal offsets the increase in stress due to the longer length. When 
you compare a spun with a cast pipe you get about the same strength 
in the 6-inch to 12-inch sizes in spite of the extra length. If you have 
the dimensions of the bell about the same, you get a higher strength 
in the bell with the higher strength and more uniform metal, and in 
that way you get a somewhat more reliable line with the longer 
length in this smaller pipe. 

As we view it, you certainly do not want to have pipe laid that is 
of less strength than the present pipe, either as a beam in the smaller 
sizes, or in the bell for the larger sizes. We have yet to be shown that 
in the larger sizes, that is, above 12 inches, that the longer length 
is desirable and we do not take the longer length. My designing 
division reports to me that it is a weaker line with the longer length 
on a larger size, and we have only had tested at the foundry the 
smaller sizes, as to the beam strength. 

Probably the manufacturers working together with the consumers 
will work out a design that will permit a longer length to be furnished, 
if that is more economical from the producers’ and the consumers’ 
viewpoints. Up to, and including, the 12-inch it is equally and prob- 
ably more desirable to use the longer lengths. Wie * 

D. B. Sroxes:® The United States Pipe and Foundry Company 
produces pipe in 12-, 16-, and 18-foot lengths. We try to give the cus- 
tomer what he wants. We find the statement made by Mr. Brush 
generally true throughout the country; that is, up to and including 
12-inch diameter the bulk of the pipe that we sell is in the longer 
lengths. For pipe 14-inch and larger we find, generally speaking a 
preference for the 12-foot lengths, except for long cross country lines 
in middle sizes; that is, 14- to 24-inch, where the longer pipe is used if 
the contour of the country and other local conditions will permit. 

Above 24-inch we find a distinct preference for the 12-foot lengths. 
I think the reason is the excessive weight in the longer lengths and dif- 
ficulties in handling such longer lengths. Engineers also consider the 
greatly increased stress on the longer lengths of pipe acting as a beam. 


5 Vice-President, United States Pipe and Foundry Company, Burlington, 
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There is no question, but that the bottom of the trench for the longer 
pipe, particularly in large diameters, must be given a great deal more 
care, if a first-class installation is to be made, and this additional care 
necessarily increases the laying costs. 

We find that one of the criticisms of large diameter cast iron pipe 
is the fact that it will break. It does not break from internal pres- 
sure, but from outside causes. We are certain that the 12-foot 
lengths in diameters 24-inch and larger will stand a great deal more 
of the outside causes before they give way than the longer 16-, 18- or 
20-foot lengths. 

We have been making 12-foot lengths for nearly ten years and 
18-foot lengths for probably four years. The 18-foot lengths appeal 
a great deal more to the gas fraternity than apparently they do to the 
water fraternity. There is, however, more of a tendency towards the 
longer lengths in pipe 12-inch and smaller in diameter. 

I would say that there is no more tendency for the 18-foot lengths 
to break in the making than for the 12-foot. 

At present we only make 18-foot lengths in diameters up to 12-inch, 
although we may make 14- to 24-inch in centrifugal pipe in the near 
- future in 18-foot lengths. 


__ -W. D. Moore: Having been in the 16-foot pipe game from the 
beginning we are probably guilty of a lot of troubles you have had, 
imaginary, or otherwise. In 1914 the American Cast Iron Pipe 
Company put in the first equipment in a commercial way in this 
country for making 16-foot lengths of cast iron pipe. At that time 
we thought they probably would be all right in 4- and 6-inch sizes, 
but it was a very serious question with us as to whether they would 
ever take in 8-, 10- and 12-inch sizes; so we equipped our plant at 
first to make 4- and 6-inch pipe in large quantity, with limited equip- 
ment for making 8-, 10- and 12-inch pipe. 

Before we could arrange our equipment to take care of the orders 

we were in desperate need of more capacity for making 8-, 10- and 12- 

inch pipe in 16-foot lengths; definitely proving that our judgment was 

bad so far as the practicability of the 16-foot lengths of pipe were 
concerned. 

Two years ago, when we contemplated making 14- to 24-inch pipe 

by the centrifugal method it was a serious question as to what length 
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they should be made. We made a careful survey of the water works 
engineers, and found that 60 per cent of the people were definitely ia 
favor of the 16- as against the 12-foot length of pipe; so we finally 
decided to equip the plant for making 16-foot lengths. This plant 
has been operating since January 15 and up to the present time we 
have put into the field approximately 15,000 tons of 16-foot pipe, 
mostly 16-, 20- and 24-inch sizes. If there has been any trouble with 
any of this pipe it has not come to our attention. It has been emi- 
nently satisfactory, and there are no manufacturing difficulties based 
on the length. 

There are a few things I would call to your attention as you go 
into longer lengths, and larger diameters. It is pretty definitely 
proven that when 4- or 6-inch pipes fail they fail as a beam. It is 
also well demonstrated that an 8-inch pipe is the breaking point for a 
failure of a beam as against a ring. As you pass from an 8- to a 10- 
and 12-inch pipe it is sure that the pipe will fail as a ring, and not asa 
beam. In ninety-nine cases out of a hundred failure is from external, 
rather than internal causes. 

When we made our smaller diameter pipes we were able to take 
out 25 percent of the metal based on the water works class B thickness 
and we got by in very good shape on the 4- and 6-inch pipes. When 
that same proportion of metal was taken out of an 8-, 10- or 12- inch 
pipe, we were beginning to have some trouble, based on the fact that 
the pipe failed as a ring, and not as a beam. So, I want to caution 
you against buying pipes of the larger sizes, and taking as much metal 
out of the walls of the pipe as you do in the smaller sizes. The longer 
length tends to increase the total trench load that the individual pipe 
will assume, and consequently when that load is concentrated at 
some point where there is a rock it means that particular ring section 
has to take a greater load than it would in a 12-foot pipe. Therefore, 
you should not be reckless about taking metal out of the wall of the 
pipe. 

Usually failures occur in big pipe while the metal is in direct stress, 
and by the new process the metal in tensile strength is worth at least 
50 percent more than it is in the pit cast pipe of the same unit. So, 
you do get a very much greater factor of safety, which justifies the 
increased length, provided you do not take out too much of the metal 
in trying to save a nickel or dime on the price. The cheapest thing in 
a cast iron pipe is a little excess pig iron. 

I want to throw out a word of caution, also, that as the length of 
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rks pipe is increased more consideration should be given to pre type of 
in joint used. The protection of a cast iron pipe is in the method of 
lly jointing, and if the pipe can be so jointed that it is free to move, it 
nt will stand very much more abuse than if you join it together with 
ve rigid joints, so that there is no chance for the individual length to 
e, adjust itself. 
th Mr. Brush has touched on a point with reference to the bell. We 
‘i- know definitely that the bell is the weak point of the pipe. When we 
‘d pass from the ring failure on a concentrated load from the outside, we 
pass to a deflection of the joint and a failure in the bell. If you will 
0 leave the same amount of metal in the bell of the new process pipe 
y as you have in the old pipe you have an increased strength factor 
s of at least 50 percent to offset your increase in length. 
a We went to a 16-foot length of pipe as against an 18- or 20-foot, 
- based on a conservative policy and based on the bell factor alone; 
H and had it not been for that we would have gone on to an 18- or 20- 


foot length, because there are no physical difficulties in the manu- 
facture of longer pipe. 
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_ Key: American Journal of Public Health, 12: 1, 16, January, 1922. The st 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page (s 
of the Journal. a 
Investigations of Fluorescent Bacteria from Water, Soil, and Plants. e 

Cart Hirric. Ber. deut. botan. Ges., 47: 395-400, 1929. From Chem. Abst., 

24: 1881, April 20, 1930. Examination of an isolated pool showed that the 
fluorescent flora differs greatly at different seasons. Ps. fluorescens grows best I 
at 20-25°C while Ps. putida prefers 30° or over.—R. E. Thompson. ‘a aa 2 
I 
How Does Infiltration, Subterranean Condensation, and Air Pressure Affect f 


the Underground Water? W. Korune. Wasserkraft u. Wasserwirt., 1929; 
216-9; Wasser u. Abwasser, 26: 198. From Chem. Abst., 24: 1913, April 20, 
1930. General.—R. E. Thompson. 


Seeking of Water Locations (Underground). P. Tuomas. Pumpen- u. 
Brunnenbau, Bohrtech., 25: 597-601, 1929; Wasser u. Abwasser, 26: 198. 
From Chem. Abst., 24: 1913, April 20, 1930. A discussion of the geologic con- 
ditions which help in the location of drilling places for underground water. 
A knowledge of the neighborhood topography is essential—R. E. Thompson. 


Simple Laboratory Methods for Water Purification Plants. K. Tavssia. 
Archiv. Warmewirt., 10: 249-52, 1929; Wasser u. Abwasser, 26: 198. From 
Chem. Abst., 24: 1914, April 20, 1930. The usual laboratory determinations 
are outlined.—R. EL. Thompson. 


Feed Water Preparation Plant. H. Scuiticke. Warme, 52: 478-9, 1929; 
Wasser u. Abwasser, 26: 148. From Chem. Abst., 24: 1914, April 20, 1930. 
Description of plant with equipment.—R. E. Thompson. 


nes _ Sanitary Aspects of Chicago Diversion. L. R. Howson. Can. Eng., 57: 
757-60, 1929. From Chem. Abst., 24: 1918, April 20, 1930. The sanitary 
aspect of the Chicago diversion is a question of the effect of the plant effluents 
and storm water overflow upon the water supply and the bathing beaches. 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of cooperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Toronto 8, 
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The author offers as measures available to safeguard these, (1) the treatment 
of all sewage other than storm water by the activated sludge process, (2) the 
chlorination of plant effluents, (3) the chlorination of storm-water overflow 
by carrying a residual of 0.3 p.p.m. in the liquid flowing into the lake through 
the Chicago River, (4) the metering of the water supply, (5) filtration of the 
water supply using the present intakes and standard filtration methods, or 
(6) abandonment of the present intakes and construction of a superintake 20 
miles northeast of the mouth of the Chicago River, (7) the modification of 
standard filtration processes by double coagulation or excess lime treatment, 
(8) control and sterilization of the bathing beaches, with (9) diversion for 
navigation equal to the run-off of the Chicago River watershed, (10) the con- 
struction of controlling works in the river to prevent the flow of sewage, plant 
effluents, or storm-water overflow, into the lake —R. HE. Thompson. 


The New Stuttgart Project for Pure Water. H. Jancer. Wiirtt. Med. 
Korr.-Blatt 1929, No. 24; Wasser u. Abwasser, 26: 232. From Chem. Abst., 
24: 1914, April 20, 1930. A new source of water is provided. To eliminate the 
possibility of typhoid, the drinking water will be passed through a sandstone 
filter —R. E. Thompson. 


The Use of Depurit for Water Purification. W. Kirsten. Z. Eis- Kilte- 
Ind., 22: 63-5, 1929; Wasser u. Abwasser, 26: 242. From Chem. Abst., 24: 
1914, April 20, 1930. Depurit, a form of activated carbon, can be used to 
completely remove excess chlorine from over-chlorinated water.—R. E. 
Thompson. 


Pure Water. A. Scuacut. Pumpen- Brunnenbau, Bohrtech., 25: 637- 
41, 1929; Wasser u. Abwasser, 26: 239. From Chem. Abst., 24: 1914, April 
20, 1930. General methods are described for obtaining pure water and keep- 
ing it pure.—R. E. Thompson. 


Radioactivity and Chemical Composition of Some New Zealand Thermal 
Waters. F. J.T. Grice and M. N. Rogers. New Zealand J. Sci. Tech., 11: 
216-9, 1929. From Chem. Abst., 24: 1914, April 20, 1930. Air was sucked 
through water from Taupe-Rotorua Thermal district boiling under vacuum; 
the vapor was passed over sodium hydroxide, sulfuric acid, and phosphorus 
pentoxide and finally absorbed in an ionization chamber, which was removed 
every 4 hours; it was tested with a Witson-Kaye electroscope, in turn stand- 
ardized against a solution of pitchblende containing 62.7 percent U. This 
was in equilibrium with 3.42 x 107 gram of radium. Radioactivity varies 
from a low in alkaline water of 0.008 to a high in acid water of 0.750 milligram 
per million liters. Acid water has more emanation, as radium sulfate is very 
insoluble and any radium present would formemanation. Rise in temperature 
destroys emanation.—R. E. Thompson. 


Condition of Iron in Mineral Waters. Saratoga Springs.. O. Baupiscn. 7. 
wiss. Biderkunde, 3: 517-22, 1929; Wasser u. Abwasser, 26: 131; ef. C.A., 
23: 5525. From Chem. Abst., 24: 1914, April 20, 1930. Color reactions, con- 
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ductivity tests, etc., indicate that the iron exists in the form of relatively 
stable complexes and not as the usual bicarbonate.—R. E. Thompson. 


The Sterilization of Water by Chlorine Gas as Based on Observations of the 
Bern Water Supply. A. Sonrary. Z. Hyg., 109: 532-52, 1929; Wasser u. 
Abwasser, 26: 52. From Chem. Abst., 24: 1914, April 20, 1930. An average 
of 0.097 p.p.m. of chlorine is used. The variations over a 24 year period were 
from 0.09 to 0.11 p.p.m. Less than 10 pecent of the treated samples showed 
over 30 bacteria per cc. B. coli were invariably absent. Chlorine is emi- 
nently satisfactory in producing a safe water.—R. E. Thompson. 


Care of Feed Water in American Boiler Plants. Haupt. Mitt. Ver. Gross- 
kesselbesitzer, 1928: No. 22; Wasser u. Abwasser, 26: 207. From Chem. Abst., 


24: 1914, April 20, 1930. American methods of pre-treatment and nee 


are reviewed.—R. E. Thompson. want 


Use of Zeolites in Locomotive Feed Water. K. BrRauNGARD. Wirme, 82: 


462-4, 1929; Wasser u. Abwasser, 26: 148. From Chem. Abst., 24: 1915, 
April 20, 1930. For regeneration, 60 grams of sodium chloride are required per 
degree of hardness per cubic meter. Zeolite treatment is less than half as 
expensive as soda-lime and gives very satisfactory results.—R. E. Thompson. 


Feed Water Supply in Metallurgical and Mining Works. W. OsENBERG. 
Wiarme, 52: 293-9, 1929; Wasser u. Abwasser, 26: 114. From Chem. Abst., 
24: 1915, April 20, 1930. The usual methods, i.e., distillation, soda ash, boil- 
ing, base exchange, etc., are discussed.—R. E. Thompson. 


Steam Boiler Corrosion. R. Stumper. Wiirme, 52: 453-8, 1929; Wasser 
u. Abwasser, 26: 148. From Chem. Abst., 24: 1915, April 20, 1930. Corro- 
sion and scale usually occur because sufficient care is not taken in choosing the 

yater for steam generation. Efficient methods of treatment can be readily 
worked out from an analysis of the water employed.—R. E. Thompson. 


Toxicity of Heavy Metals (to Rainbow Trout). G. Ese.ine. Z. Fischer- 
erei, 26: 49 et seq., 1928; Wasser u. Abwasser, 26: 95. From Chem. Abst., 
24: 1915, April 20, 1930. The following amounts cause serious injury or 
death: copper sulfate (5H,O), 0.5 p.p.m.; ferrous or ferric iron, 10 p.p.m.; 
zine salts, from 2.3 to 5 p.p.m.; aluminum sulfate solution, 5 p.p.m. acting for 
5 minutes. One p.p.m. of the latter salt caused no apparent injury. As little 
as 0.5 p.p.m. of copper sulfate (5 H.O) was definitely toxic to growing trout. 
The heavy metals also cause injury to fish by flocculation.—R. E. Thompson. 


Eijkman Fermentation Test for Fecal Contamination in Water. L. W. 
Leiter. Zentr. ges. Hyg., 20: 563, 1929; Wasser u. Abwasser, 26: 257. From 
Chem. Abst., 24: 1918, April 20, 1930. E1skmAN claims that B. coli from warm 
blooded animals ferment dextrose in peptone-bouillon at 46°. 8B. coli from 
cold-blooded animals give negative tests.—R. E. Thompson. 
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Permanganate Method for the Determination of the Oxidizability of Organic 
Matter in Water aad Aqueous Soil Extracts Containing Chlorides. J. N. ANTIPOV 
KaraTAkyv. State Inst. Expt. Agr., Leningrad, Bull. Bur. Soils, 1928, No. 3. 
From Chem. Abst., 24: 1915, April 20, 1930. To the sample (50 cc.) are added 
3 cc. of 1:3 sulfuric acid and a weighed excess of silver sulfate to precipitate the 
chlorides (determined in a separate sample). After standing at least 1 hour 
with occasional stirring and addition while stirring of 10 cc. of 0.01 N potas- 
sium permanganate, liquid is heated gently for 10 minutes. If more perman- 
ganate is required, further heating is necessary. Ten ce. of 0.01 N oxalic 
acid are then added and when liquid has cleared completely excess is titrated 
with permanganate. Blank tests are necessary.—R. E. Thompson. 


The Porosity of Sand. J. Donat. Wasserkarft u. Wasserwirt., 1929: 225- 
9; Wasser u. Abwasser, 26: 239. From Chem. Abst., 24: 1915, April 20, 1930. 
The porosity depends upon the shape, size, and composition of the sand grains 
as well as upon the temperature.—R. E. Thompson. 


Trade Waste From a Wood-Working Factory, Its Composition and Effect on 
Fish. C. Lenmann. Z. Fischerei, 27: 111 et seq., 1929; Wasser u. Abwasser, 
26: 256. From Chem. Abst., 24: 1918, April 20, 1930. The waste consisted 
of woody matter, extractives, dyes, and other organic matter, making a high 
potassium permanganate requirement and moderately high acidity. The 
oxygen demand was high and it appeared that some injury to fish life might 
occur.—R. E. Thompson. 


Influence of Trade Waste From a Magnesite Factory in Radenthein on the 
Chemical, Biological, and Fisheries Character of Millstatter Lake in Carinthia. 
E. NERESHEIMER and F. Rurrner. Fischerei-Ztg., 27: 47 et seq., 1929; 
Wasser u. Abwasser, 26: 255. From Chem. Abst., 24: 1918, April 20, 1930. 
The alkalinity of the lake was perceptibly increased over a period of years by 
the inflow of magnesite waste. This caused iron precipitation and a diminu- 
tion and change of character in the flora and fauna and adversely affected the 
fisheries of the lake.—R. E. Thompson. 


Raritan River Pollution 1927-8. Rupoirs, H. HeEUKELEKIAN, J. 
B. Lackey, P. J. A. Zevupr and I. O. Lacy. New Jersey Agr. Expt. Sta., 
Bull. 489, 1-72, 1929. From Chem. Abst., 24: 1918, April 20, 1930. The ob- 
ject of the study was to determine the nature and quantity of pollution and to 
collect data relative to effecting improvement. The survey was undertaken 
by engineer, chemist, bacteriologist, and zo.logist. The Raritan River water 
is very soft and has a low mineral content, making a very satisfactory supply 
for industrial uses. Conclusions: The whole river and all its tributaries are 
polluted, the greatest pollution occurring below New Brunswick because of 
the cumulative effect of the discharge of trade wastes along this part of the 
river. A positive potential danger to public health exists in the whole river 
basin. The oxygen consumption in the river is greater than the oxygen sup- 
ply. Considerable amounts of dyes, poisons, and inert substances are present. 
Fish life is much injured. Partial purification (60 to 70 percent) of all domes- 
tic and trade sewage is recommended.— 
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Operating a Public Swimming Pool. C. E. Barry. Can. Eng., 58: 241-6, 
1930. From Chem. Abst., 24: 1918, April 20, 1930. A detailed description of 
the construction and operation of a small swimming pool at Ocean Falls, 
B. C.—R. E. Thompson. 


Studies on Brewing Water. H.Li‘ers. Wochschr. Brau., 46: 469-74, 1929, 
From Chem. Abst., 24: 1930, April 20, 1930. Soft waters when converted into 
hard waters will be fit for beers of the Miinich type. Hard waters are usually 
softened to be made suitable for pale brews. Since the acidity is decreased by 
artificial hardening and increased by artificial softening, the whole question 
seems to be merely one of acidity. —R. E. Thompson. 


Eternit Pipe. F. Empercer. Z. Oesterr. Ing.-u. Architekten-Ver., 81: 
Nos. 35-6, 355-7, 1929. From Chem. Abst., 24: 1954, April 20, 1930. Develop- 
ment and method of manufacture of pipe made of material consisting of 80 per- 
cent cement and 20 percent asbestos fiber.—R. E. Thompson. 


_ Phenol Recovery, By-Product Coke Plants. III. B.F.Hatcu. Blast Fur- 
nace Steel Plant, 18: 296-8, 1930; cf. C. A., 24: 945. From Chem. Abst., 24: 
1959, April 20, 1930. The Herrner-Tippy phenol recovery process and its 
application at the Midland Plant of the Pittsburgh Crucible Steel Co., is 
described. This process (C. A.,21: 315) depends upon the formation of ammo- 
nium salts of the phenols in weak gas liquors during distillation. These salts 
are more volatile than the phenols and are readily volatilized with the ammonia 
vapors. The distillation temperature is necessarily higher and to produce this 
the raw gas liquor is passed through a preheater where the temperature is 
raised to 98° orover. The hot liquor is introduced into the top of the scrubber 
in which the ammonia concentration is built up by the addition of recovered 
ammonia until it is equivalent to the phenol content. The same end may be 
accomplished by reducing the phenol concentration by scrubbing the liquor 
with benzol in the usual manner, removing approximately 60 per cent of the 
phenol. Final recovery of the phenol was not carried out in the plant under 
consideration, but it may be accomplished by treating the salts distilled from 
the ammonia still with sodium hydroxide, liberating ammonia. In this plant 
the hot gases (110°) from the free section of the still pass to a dephlegmator 
where they are cooled to 105° returning a condensate which is rich in ammonia 
and passing the salts of the phenols to the saturators. The incoming gas 
carries about 2.5 grams of phenol per liter, which is reduced to 0.10-0.63 gram 
per liter by the process. This efficiency (77 to 85 per cent, correcting for dilu- 
tion) is increased to 90 per cent by recirculation of the final cooling water.— 
R. E. Thompson. 


Phenols in Sewage. A. Hempuscuka and H. Rémiscu. Gesundh.-Ing., 
53: 53, 19830. From Chem. Abst., 24: 1916, April 20, 1930. The methods of 
Sxrrrow, and Katuer, and and Urue for determining phenol 
have been compared. Manganese dioxide, ferric oxide, and magnetic oxide of 
iron have little effect in decreasing the pheno! content of phenol solutions. 
The phenol content of alkaline solutions of phenols containing ferrous sulfate 
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or copper sulfate decreased on standing in the air, as did also acid solutions of 
diphenols. Attempts to absorb phenol from its solution by charcoal and simi- 
lar materials were not very successful.—R. EF. Thompson. 


Disintegration of Concrete and Its Prevention. OstenporF. Bautech., 7: 
28, 435-8, 1929. Chemical Abstracts, 24: 1953, April 20, 1930. Observations 
on the disintegration of massive hydraulic structures of reinforced concrete. 
The effects of composition of mix and its density on strength and durability are 
discussed.—R. E. Thompson. 


The Application of Concrete in Contact With the Ground. WrRNER Moritz. 
Tonind.-Ztg., 54: 223, 1930. From Chem. Abst.,24: 1954, April 20,1930. The 
different corrosive substances found in ground waters must be taken into con- 
sideration before placing the concrete. Fused alumina cement was found 
- generally to be more resistant to corrosive ground waters than portland or 
slag-portland mixes.—R. E. Thompson. 


Proposed Standard Method of Measuring, Sampling, and Analyzing White and 
Waste Waters. A. W. Pescu. Paper Mill, 53: 8, 82, 84, 94, 96, 100; Paper 
Trade J., 90: 9, 40-2, 1930. From Chem. Abst., 24: 1976, April 20, 1930. 
‘Detailed instructions are given regarding the proper method of determining 
white water losses, comprising measurement of white water volume, sampling 
of white water, determination of total, fixed, and volatile suspended solids, de- 
termination of total, fixed, and volatile dissolved solids, and manner of report- 
ing results.—R. E. Thompson. 


A Study of the Waste Waters From Beet Sugar Factories and Suggestions for 
Their Disposal. Watiace Montcomery. Intern. Sugar J., 31: 545-9, 602-8, 
1929; ef. C. A., 22: 2677; 23: 300, 1976. From Chem. Abst., 24: 2004, April 20, 
1930. The wastes of sugar beet factories are classified according to their use- 
fulness. Sugar factory wastes differ from other industrial wastes in being 
ower in organic nitrogenous matter. The carbonaceous matter is lower than 
in creamery wastes, but higher than in packing house wastes. The treatment 
proposed i is separation of the condenser battery and silo wastes at the mill, 

screening the condenser water after fluming the beets, cooling in spray towers, 
storing in reservoirs for future use and final disposal by irrigation of lands.— 

R. E. Thompson. 


Forty-Year-Old Concrete in Crystal Springs Dam Still Watertight. F. R. 
-McMI.uan and M. B. Lagaarp. Eng. News-Rec., 104: 766-8, 1930. LIllus- 
trated description and discussion of condition of Crystal Springs Dam, which 
has been in service as part of San Francisco water supply system since 1890 and 
was undamaged in earthquake of 1906, although situated only } mile from the 
- fault line in which earthquake movement occurred. Data are included on 
standards which governed construction. Mix was 1:2:53, water used was 
about 5 gallons per sack of cement, and concrete was thoroughly rammed in 
thin layers. The experience with this structure, which is in a perfect state of 
preservation, shows that with proper water content, careful placing, and 
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thorough curing, durable concrete can be obtained with cement which would 
rate far below to-day’s standard. Such seepage as there was at fillplanes 
occurred only in the early life of the structure and has remained unchanged for 
many years. By far the greater proportion of the construction joints on down- 
stream face show that a perfect seal wassecured. The complete filling of space 
between aggregate particles with cement paste of low water-cement ratio by 
laborious methods of hand tamping accounts in large measure for the excellent 
performance. Same result can be accomplished by plastic mixtures at much 
less cost and with greater certainty, provided plasticity is obtained by reducing 
the quantity of aggregate and not by adding water. The mechanical vibrator 
shows considerable promise of permitting a partial return to stiffer consisten- 
cies without the disadvantages of increased labor cost or of uncertainty of com- 
plete consolidation.—R. E. Thompson (Courtesy Chem. Abst.). 


The Water Works System of Walkerville, Ont. Cont. Rec. and Eng. Rev., 
44: 508, April 30, 1930. Details are given regarding the system of the Walker- 
ville Water Co., which supplies several municipalities. The supply is derived 
from the Detroit River and filtered at the Essex Border Utilities Commission’s 
plant in East Windsor, approximately half a mile from the pumping station of 
thecompany. The water from the 2-million gallon reservgir at the filter plant 
flows by gravity to the pumping station, where it is treated with chlorine. 
The water is sold by meter, the rate being 10 cents per 1000 gallons. The 
average daily consumption is 3 million gallons.—R. EL. Thompson. 


Electrical Control for Water Tanks. M. C. Lowe. Cont. Rec. and Eng. 
Rev., 44: 299-300, 1930. Brief illustrated description of a type of automatic 
control developed for small pumping plants on Canadian Pacific Railway sys- 
tem. A float switch control was formerly employed, requiring pilot wires from 
the pump to tank or reservoir, a distance, in some cases, of from 1 to 2 miles. 
The new type consists of a definite time relay in conjunction with a pressure 
governor.—R. E. Thompson (Courtesy Chem. Abst.). 


Elevated Tank Dismantled and Re-Erected for Town of Melfort, Sask. 
Cont. Rec. and Eng. Rev., 44: 504, April 30, 1930. Brief description of the 
dismantling and re-erection of an 80,000-gallon elevated steel tank. Previous 
to installation of the tank, the pumps were connected directly to the mains and 
operated continuously.—R. EF. Thompson. 


Text of Supreme Court Decision in Chicago Lake Diversion Case. Eng. 
News- Rec., 104: 696-7, April 24,1930. Diversion of water from Lake Michigan 
through the Chicago Drainage Canal for the benefit of some 50 other com- 
munities in the Chicago Sanitary District must, so the United States Supreme 
Court ruled on April 14, be limited by December 31, 1938, to 1500 cubic feet 
per second in addition to water pumped from the lake for municipal water 
supply. On and after July 1, 1930, diversion must not exceed 6500 second feet 
and on and after December 31, 1935, it must not exceed 5000 second feet. The 
limit as of the close of 1935 is qualified by the words ‘‘unless good cause be 
shown tothe contrary.’’ The text of the decision is given.—R. E. Thompson. 
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Ohio River Canalization—Its History and Possibilities. C.W.Kurz. Eng. 
News-Rec., 104: 432-41, March 13, 1930. A detailed, illustrated description 
and discussion of the Ohio River navigation project adopted by Congress in 
1910 and recently completed at a cost of $115,000,000.—R. E. Thompson. 


Los Angeles Meets Water Supply Crisis. Rosert Newron Ciark. Public 
Works, 61: 7, 26, 1931. In order to obtain immediate addition to present water 
supply, Los Angeles plans to purchase additional water rights in Owens Valley. 
Project when completed will include area of over 200,000 acres and water will 
be carried from mountain streams a mile and a half above sea level through 
natural and man-made channels for distance of 300 miles.—C. C. Ruchhoft. 


Detroit’s New Water Intake. Anon. Public Works, 61: 7, 40,1930. New 
intake borders Belle Isle, at point where the water is only 8feet indepth. Fol- 
lowing completion of shaft, site will be dredged, forming lagoon extending into 
river 3000 feet. Paved dikes will protect walls of lagoon. Nearby, a bathing 
lagoon will be constructed and, in order to prevent the waters of the two lagoons 
id from mixing, it is proposed to maintain water level of bathing lagoon lower 
than that of intake lagoon by use of pumps.—C. C. Ruchhoft. 


Welding Cast Iron Water Mains. Anon. Public Works, 61: 10, 43, 1930. 
Two instances of adoption of bronze welding to withstand vibration are 
described. Six or eight lengths of pipe are aligned and welded together to form 
z sections 72 to 96 feet long. These are then connected by means of one of the 


various types of expansion joints.—C. C. Ruchhoft. 


The Pipe Gallery of the Filtration Plant. E. Benprer. Public Works, 61: 
i, 23-4, 1930. Suggests design to secure economical arrangement, accessi- 
bility, efficiency, neat appearance, provision for future extensions, and ease of 
erection.—C. C. Ruchhoft. 


E Small Town Averts Water Shortage Due to Drought. A.E.Cuarx. Public 
Works, 61: 10, 27, 1930. Water supply of LaFollette, Tenn., normally taken 
from impounding reservoir and filtered, became inadequate owing to the 
drought. Emergency supply was obtained from 10-inch abandoned well.— 

C. Ruchhoft. 


Philadelphia Water Supply and Health. Anon. Public Works, 61: 5, 29-30, 
1930. Report of Philadelphia Hospital and Health Survey Committee gives 
following data concerning city’s water supply. Intakes are located on Schuyl- 
kill and Delaware Rivers, both of which receive domestic sewage and trade 
wastes from numerous municipalities. Average B. coli indices at Schuylkill 
intakes vary from 16,000 to 34,500 per 100 ce. and at Delaware intakes average 
is 21,000 per cc. Due to a total flood tide travel of 5.95 miles per tide in the 
Delaware River, the major pollution is caused by city of Philadelphia. In all 
there are 29 sewer outlets. City is operating two obsolete and overloaded sew- 
age treatment plants which handle about 10 percent of total flow. By-passing 
of raw sewage into the rivers is common. During summer months, zero dis- 
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solved oxygen content has been found in both rivers. Oxygen content at 
Delaware intake is often but from 30 to 40 percent of saturation. Five filtra- 
tion plants are in operation, but no provision exists for adequate preliminary 
storage, or for prefiltration. All filter plant effluents are chlorinated, dosage 
being regulated according to B. coli index of treated water and not by residual 
chlorine data. Each plant is operated according to the individual policy of its 
superintendent. The water supply has not been approved by Pennsylvania 
Department of Health, or by United States Public Health Service, since July, 
1925. Numerous cases of cross-connections were reported. In 1913, 1300 cases 
of typhoid were attributed to pollution caused by cross-connections.—C. C. 
Ruchhoft (Courtesy Chem. Abst.). 


Centrifugal Pumps. Curvesand their Interpretation. F. JoHNSTONE-TAYLOR, 
Water and Water Engineering, 33: 386, 55-57, February 20, 1931. For a cen- 
trifugal pump the values showing quantity, head, and speed have a definite 
relation to each other in that the discharge varies directly as the speed; the 
head, as the square of the speed; and the power absorbed, as the cube of the 
speed. If for any pump these values are plotted with the efficiency, the conse- 
quent graph is a characteristic curve. These curves convey a great deal of 
information and this article explains and illustrates a number of typical ones.— 
Arthur P. Miller. 


The Measurement of Water. H.B.Mituarp. Water and Water Engineer- 
ing, 33: 386, 62-66, February 20, 1931. This good article covers meters, 
methods of river gauging, measurements by weirs and recording of weir meas- 
urements, water level recorders and indicators, Venturi meters, orifice meters, 
and Pitometers. Water meters are either (a) positive, or (b) inferential. 
Positive meters determine either weight, or volume. Inferential meters are 
classed according to the actuation of their mechanism; whether by current, 
level, pressure, or velocity. Each type is briefly discussed. For small streams, 
a simple method is, by means of a dam, to constrain the water to pass through 
a pipe and then to take the time required to fill a container of known capacity. 
Determination of velocity of flow over a known cross-section, thus permitting 
calculation of discharge, is suitable for a larger stream. In rivers, use of the 
current meter is advantageous. General discussion of measurements by weirs 
of various kinds is given, including the usual rectangular notch weir formula. 
Mechanics of weir recorders is explained, as well as general application of water 
level recorders and of Venturi meters. Orifice meter consists of orifice plate 
with recorder, or measuring device: principle is the same as that of the Venturi 
tube, namely, acceleration of the water so as to reduce the pressure. Pitom- 
eter meters utilize Pitot principle, measuring difference in pressure between 
two tubes inclosed within metallic rod, each terminating in specially formed 
orifice, and so arranged that one faces upstream and the other, downstream. 
feat is introduced into main through small stop-cock.—Arthur P. Miller. 


_ The Water Service of Singapore. Anon. Water and Water Engineering, 33: 
386, 66-68, February 20, 1931. Singapore, which has a remarkably humid cli- 
mate, possesses several water catchment areas. Rainfall on these for year 


1632 ABSTRACTS OF WATER WORKS LITERATURE [J. A. W. W. 
| 
: 
: 
th 
5 
= 
2) 


VOL. 23, NO. 10} ABSTRACTS OF WATER WORKS LITERATURE 1633 


1929, using average of six stations, was almost 91 inches. Average consumption 
of fresh water per day was almost 16 million gallons (Imp.). The town also 
furnishes a salt water supply. All fresh water is filtered and that from certain 
catchment areas is also chlorinated. Cost of treatment is eighty-five cents per 
thousand gallons (Imp.). Possibilities of constructing a sand-washer along 
lines of miniature tin dredger are being investigated, with view to reducing 
operation costs and increasing filtration capacity of slow sand filters. Lime is 
added to the water, as in past, to assist in removal of iron. For part of year, 
alum is also used to assist in color removal. Article includes brief discussion 


of pumping stations and of new works built during year covered.—Arthur P. 


The sauiahee of 1930 in the British Isles. Anon. Water and Water Engi- 
neering, 33: 386, 68, February 20, 1931. During 1930, rainfall was 115 percent 
of average. Since 1921, the last dry year, accumulated excess of rainfall has 
amounted to 90 percent of average annualamount. Excesses of last nine years 
over preceding 35 years were more pronounced in summer, mean percentage 
excess being 13 in summer, as compared with 8 in winter. Over only a small 
part of British Isles was year’s rainfall less than average. Falls of 120 percent 
were widespread; of 130 percent, not a few; but those of 140 percent were con- 
fined to a region near Whitby.—Arthur P. Miller. 


New York Water Department Solves Many Operating Problems. WILLIAM 
W. Brusu. Water Works Engineering, 84: 8, 499, April 22, 1931. Strip of 
land 500 to 1000 feet wide is purchased surrounding each reservoir. Water- 
sheds are patrolled frequently and sanitary nuisances corrected. Boating, 
fishing, and ice cutting are allowed by permit only; bathing is permitted on 
adjoining streams. When tributary streams are polluted, chlorinator is in- 
stalled to treat all but flood flows before entry into reservoir. City pays taxes 
on all land owned outside city. All watersheds are being reforested with pine 
seedlings furnished free by state. Copper sulphate is used for algae control ; 
weeds on bank are burned. Aqueducts are patrolled and leaks caulked with 
lead wire. All water is double-chlorinated and most of it aérated. All distri- 
bution reservoirs are gradually being enclosed by wire link fences from six to 
seven feet high. All new mains are chlorinated when installed. Maintenance 
and operation of distribution system is based on repair companies; search for 
leaks is conducted by separate organizations. Fire hydrants are inspected by 
fire departments and repaired by water department. In pumping, definite 
trend is towards substitution of electric power for steam. High pressure fire 
service is controlled by orders from firemen.— Lewis V. Carpenter. 


Detroit Plant of Unique Design. Joun C. THornton. Water Works Engi- 
neering, 84: 8, 494, April 22, 1931. Exterior of Springwells station is of sawed 
rustic buff Indianalimestone. Interior of pumping plant will be of machine- 
made mat-glazed buff terra cotta. Roof is to be of copper laid upon 1} inches 
of cork. Filter house is long, low building, 523 x 226 feet, intersected by two 
through passage-ways in each direction. Lighting is by vault lights in roof 
over filter beds. Buildings are designed in restrained modern style with slight 
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Gothic feeling. Ornament is eschewed, mass and materials being used for 
architectural effect. Tunnel 10 miles long and 15} feet in diameter, through 
rock, conveys raw water from Detroit river. Purification is to be by rapid 
sand filtration after coagulation with aluminum sulphate. There are to be 
68 filters, with total sand area of 1.70 acres, and 16 motor-driven centrifugal 
pumps. Power will be generated at station.— Lewis V. Carpenter. 


Effects of the Recent Drought. E.S.Tispate. Water Works Engineering, 
84: 8, 497, April 22, 1931. Average deficiency of rainfall in West Virgnia was, 
17.08 inches, of which a large part was sustained by the 16- to 26-inch area. 
Pollution load on water supply of Weston was tremendous, and very heavy 
chlorination had to be resorted to. Drainage ditches in West Fork River were 
deepened and pumps moved upstream to secure water impounded in pools. 
Oxygen depletion and exuberant algae combine to make a very badly tasting 
water. Clarksburg reduced its consumption by publicity campaign from 
3,000,000 to 1,500,000 gallons daily. Two crews, of fifteen men each, were em- 
ployed all summer dynamiting and ditching West Fork River between storage 
dams, some 32 miles of river bed receiving treatment. Spencer had to haul 
water in tank cars from Parkersburg for over three months. Elkins had to 
cross Cheat mountains and pump water from another watershed; emergency 
line was run through railroad tunnel. Normal supply at Richwood became 
depleted and daily consumption was reduced from 600,000 to 200,000 gallons by 
means of 100 per cent metering program. Typhoid incidence in West Virginia 
increased from 886 in 1929 to 1,243 in 1930, and yet death rate only increased 
from 11.5 in 1929 to 12.1in 1930. Wayne and Terra Alta had typhoid epidemics. 
Several towns made use of emergency ammoniator belonging to State Health 
Department. Several towns in northern end of state were severely troubled by 
acid mine drainage. Charleston supply was teeming with algae and organic 
matter, had zero dissolved oxygen and bacterial count of 200,000 per ce. At 
one time they were trying pre-chlorinaticn, aération, treatment with activated 
carbon, sedimentation, filtration, final chlorination, and ammoniation. Sud- 
den outbreak of intestinal disorder was noted in Charleston in October and 
carried down the river to Ashland, Kentucky, Huntington, W. Va., and Iron- 
ton, Portsmouth, and Cincinnati, Ohio; Symptoms were described as nausea, 
vomiting, pain in abdomen, diarrhea without blood; recovery followed within 
one orfourdays. Cause of outbreak was suggested to be either (a) products of 
bacterial decomposition, or (b) industrial compound of unknown source or 
origin.— Lewis V. Carpente) . 


Hydro-Electric Installation at Ponale, Lake Garda, Italy. B. CUNNINGHAM. 
Water and Water Engineering, 33: 389, 225-228; May 20, 1931. Lake Ledro is 
used as storage reservoir, and flow of water transmitted by tunnel 4 miles long 
and 9 feet in diameter through mountain to point immediately above Lake 
Garda where it has direct fall of more than 1900 feet. Double jet Pelton wheels 
are installed of 30,000 to 45,000 horsepower at 500 to 600 revs. per minute, to- 

ether with alternators and transformers.—-W. G. Carey. ae 
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Coventry Corporation Water Supply. Anon. Water and Water Engineering, 
33: 389, 199-204; May 20, 1931. In 1928, modernising and extending was under- 
taken, comprising new wells and boreholes, storage reservoirs of 20 million 
(Imp.) gallons, water tower holding 300,000 (Imp.) gallons and replacement of 
of steam plant by electrically driven borehole pumps. Meriden circular 
reservoir, of 280.5 feet internal diameter, has a capacity of 10 million gallons. 
Floor is 10.5 inches thick and wall is built in sections with tarred vertical 
tongued and grooved construction joints; both wall and floor are of 6 to 1 con- 
crete and covered with asphalt. Roof is of concrete barrel arches, whose axes 
are circular in plan, jointed radially at intervals and supported by wall and by 
concrete arched groins, spanning columns. Water tower, of reinforced con- 
crete, is sixteen sided, with buttress columns, and is 64.5 feet in internal di- 
ameter. Walls are 9 inches and roof, 5 inches thick.—W. G. Carey. tenn 

The Heidelberg Barrage of the Neckar Canalisation Scheme. Anon. Water 
and Water Engineering, 33: 389, 211-214; May 20, 1931. Scheme consists of 
weir at Neckar, double lock, and power station. Weir has 3 openings, each 131 
feet long, into each of which roller gate will be built. Masonry of locks, weir 
pillars, and connecting walls is of concrete; exposed surfaces are dressed in 
variegated sandstone, and submerged parts of lock chambers are tarcreted. 
Whole installation is on modern lines, with electrically operated filling and 
discharge sluice valves, but preservation of appearance of town of old Heidel- 
berg has been kept in mind throughout.—W. G. Carey. 
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The Use of Sea-Water for the Regeneration of Base-Exchange Materials in 
Water Softening. H. INGLEson and B. A. Apams. Chemistry and Industry, 
50: 14, 123-124T; April 3, 1931. After regeneration with sea water containing 
Na, 1.092; Mg, 0.127; Ca, 0.046; and K, 0.043 per cent; base exchange materials 
will soften considerable amounts of hard water; e.g. after treatment with twice 
their volume of sea water, regeneration obtained is 69.5 per cent of that with 
volume for volume of 5 per cent sodium chloride. Addition of 1} per cent of 
sodium chloride to sea water increased regeneration efficiency to 85 per cent, 
— weight of salt being equivalent to half that normally used.—W. G. Carey. 


Modern Methods of Raising Water from Underground Sources. R.S. ALLEN 
and W. E. W. Miturnaton. Engineer, 151: 3924, 341-343; March 20, 1931, and 
3925, 384-386; March 27, 1931. Paper deals specially with pumping from bore- 
holes with centrifugal or turbine pumps and, in addition to pumps themselves, 
following items have attention: strainers, foot valves, shafts, shaft couplings, 
bearings, shaft tunnels, shaft tunnel clean water supply, rising mains, and 
thrust bearings. Assembly and general arrangement are dealt with and there 
are 17 photographs and figures.—W. G. Carey. 


The Outdoor Corrosion of Zinc and the Effect of Rainfal) and Atmospheric 
Pollution. W. S. Parrerson. Chemistry and Industry, 50: 14, 120-123T; 
April 3, 1931. The deposit on zine during outdoor corrosion is not a complete 
protection, but has appreciable retarding effect on corrosion, since clean metal 
corrodes more rapidly than deposit-covered surface. In winter there is a close 
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relation between rainfall to which metal is exposed and corrosion; in summer, 
less close; this is attributable to influence of sulphur compounds during winter 
on solubility of corrosion products. Initial corrosion in polluted atmosphere 
is definitely acid and severe; formation of basic salts modifies this and rate of 
attack is retarded.—W. G. Carey. 


Re-lining a Water Tunnel. Anon. Engineer, 151: 3929, 475; May 1, 1981. 
In extension of a Tube railway, the tunnel has to be driven under a river which 
is here carried in a brick tunnel 300 years old. As railway will pass only 25 feet 
below, tunnel is to be made safe by relining. Work must be done without inter- 
fering with flow of water, which feeds a reservoir of the (London, Eng.) Metro- 
politan Water Board. A steel pipe 6 feet in diameter, 90 feet long, with ends 
sealed up, was floated to the spot and is being sunk so that river can be diverted 
by dams to pass through it. After work is completed, steel pipe will be with- 
drawn.—W. G. Carey. 


Electrical Determination of Water Purity. G. F. Tacc. Engineer, 151: 
3931, 532-534; May 15, 1931. A description of types of apparatus for measuring 
electrical conductivity of water, which for weak concentrations of salts is prac- 
tically proportional to the concentration. Use of D. C. for measurement of 
resistance introduces difficulties owing to polarisation, while A. C. instruments 
are generally less sensitive; temperature also must be taken into account. 
These difficulties are successfully dealt with in the voltmeter-ammeter, the 
A.C. bridge, and the ohmmeter types, American and English varieties of which 
are described and illustrated.—W. G. Carey. ‘ 


Studies in Filtration. J. P.M. van Giusz, P. J. H. vAN GINNEKEN and J, 
I. WaTERMAN. Chemistry and Industry, 49: 444-446T; November 14, 1930; 
483-490T ; December 26, 1930; 50: 41-44T; January 30, 1931. Exhaustive and 
masterly summary of physico-chemical aspects of filtration worked out on 
laboratory scale, using tap water as the liquid, commercial brands of activated 
carbon as the solid, and filter cloth as the filter medium.—W. G. Carey. 


Some Factors Affecting the Corrosion of Buried Steel. F. L. Basserr. 
Chemistry and Industry, 50: 19, 161-166T; May 8, 1931. Strips of steel pre- 
pared from mild steel pipe were subjected for periods up to three months to 
action of soil from the Iraq-Syrian desert consisting chiefly of marls and cal- 
careous clays with some sand and containing chloride salinity ranging from nil 
to equivalent of 27.8 per cent of sodium chloride. Maximum corrosion was 
afforded by soils which were slightly saline (0.01 to 0.20 per cent sodium chlo- 
ride). While soils practically free from salinity were somewhat less corrosive, 
most marked repression of corrosion was with most highly saline soils. This 
result appears to be correlated with increased water retentivity of salted soils 
and consequent hindrance of atmospheric oxygen diffusion. The corrosion 
took the usual course of localised anodic pitting.—W. G. Carey. 


Nickel Uranyl Acetate as a Qualitative Reagent for Sodium. P. FELDSTEIN 
and A. M. Warp. Analyst, 56: 661, 245-248; April 1931. Zinc uranyl acetate 
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ner, as proposed by BarBer and Ko.tuorr (J. Amer. Chem. Soc., 1928, 50: 1630) 
is more sensitive than magnesium uranyl acetate, but nickel uranyl acetate is 


are as sensitive and gives a more granular precipitate. Ammonium and mag- — 

oe nesium are without effect, and not until the proportion of potassium tosodium _ 
is about 200 to 1, does reaction for sodium become inconclusive.—W. G. Carey. 

31. oy gal 

ich NEW BOOKS a wok 

ate The Significance of Waterborne Typhoid Fever Outbreaks, 1920-1930. ABEL 

Woman and A. E. GorMaAN, with a foreword by Taomas Parran. Baltimore: 

. The Williams & Wilkins Co, Cloth;6x9in.; pp. 82. $2. Reviewed in Eng. 

Re News-Rec., 107: 306, August 20, 1931.—R. E. Thompson. 

h- Paper and Discussions on Subsoil Hydraulics read before the Punjab Engi- 
neering Congress of 1930. No. 138. Hydraulic Gradients in Subsoil Water 

Le Flow in Relation to Stability of Structures Resting on Saturated Soil. AsUDHIA 

ie Nara Kuoszta. No. 140. Exponential Law of Subsoil Flow. N. K. Bose. 

No. 142. Stability of Weirs and Canal Works. AsupmiaA Nata 

Cloth; 6 x 9 in.; pp. 40, 13, and 33. For copies address A. N. Khosla, I. 8. E., 

2 4 _ Executive Engineer, Officer on Special Duty, Punjab Irrigation Secretariat, 

" _ Lahore, Punjab, India. Reviewed in Eng. News-Rec., 107: 308, August 20, 

1931.—R. E. Thompson. 


_ The Administration of Municipally Owned Utilities. Dexos F. WILcox. 
_ New York: Municipal Administration Service, 261 Broadway. Paper; 7 x 10 
in.; pp. 80. 50 cents. Reviewed in Eng. News-Rec., 107: 308, August 20, 


- Tabellenbuch fiir die Berechnung von Kanilen und Leitungen, u. s. w. 
_ (Hydraulic Tables in the Metric System). E. Wimp and O. ScuOBERLEIN. 
Berlin: Julius Springer. Cloth;7x10in.;pp.109. 25.5marks. Reviewed in 
Eng. News-Rec., 107: 308, August 20, 1931.—R. E. Thompson. 


Tenth Annual Report of Ohio Conference on Water Purificantion, Columbus, 
October 14-15, 1930. 87 pp. Address of Welcome. C. A. NEAL. 912. 
Effects of 1930 drought on water supply conditions in Ohio are discussed briefly. 
Map is included showing deficiency of rainfall in the various sections of state 
during the year. Clogging of Strainers Followed by Rapid Overhauling of 
Filters. W.B.Locxuart. 25-9. Fostoria filter plant consists of 2 mechani- 
cal mixing tanks, Dorr clarifier, and four 0.75-million-gallon per day rapid sand 
filters of false bottem type. Clogging of umbrella-type strainers with pieces 
of bitumastic enamel which had become detached from wash water tank 
resulted in formation of hard spots in filter sand and finally in disruption of the 
sand to gravel layers. Reconstruction of beds is described, diagram of screen- 
ing plant employed being included. Inclusion of permanent sand scrubbing 
and screening room in design of new plants is suggested. Sediment rings 
were constructed in wash water tank and riser to prevent further trouble from 
this source. Clogging of Elyria Water Works Intake by Needle Ice. N. J. 


‘ 
a 
Ps 
» 
~ 
iy. 
“a 
if 
| 
| 


1638 ABSTRACTS OF WATER WORKS LITERATURE [J. A. W. W.A, 


Hvumason. 29-31. The 24-inch cast iron intake pipe of Elyria water works 
extends 1500 feet into Lake Erie, terminating in bar-screened compartment in 
wooden crib, screen being 7 feet above lake bottom and 15 feet below water sur- 
face. Flow through intake has been completely stopped by ice on several 
occasions for periods up to 31 hours. Auxiliary pump and flexible, removable 
intake have been installed for drawing water from near shore at such times, 
Reversing flow of water through intake was tried without success. Clogging 
of Sandusky Water Works Intake by Needle Ice. O. F. Scnuoreprie. 31-2. 
Troubles due to ice blocking at Sandusky are outlined. Old intake, built in 
1874, which consists of a 36-inch wrought iron pipe terminating in vertical 
elbow covered with screen of perforated copper plate in center of wooden crib 
filled with stone, has never given any trouble from freezing, whereas new in- 
take, constructed in 1915, which consists of 42-inch cast iron pipe terminating 
in circular concrete crib with 24 14-inch unscreened openings 5 feet below 
mean lake level, has been blocked with ice every year since its installation for 
periods as long as 72 hours. Freezing has always occurred when ice was form- 
ing on surface of Sandusky Bay, the source of supply; when bay is covered with 
ice no trouble is experienced. In discussion, ice troubles at several other 
plants were described. Changing from gravity flow through intake to suction 
well to direct suction from intake line has remedied ice troubles at Ashtabula. 
Mi ter, Elyria, stated that he believed that if velocity in intake could be kept 
down to 1 foot per second, needle ice difficulties would be minimized. ScHoxEp- 
FLE, however, stated that velocity in new intake at Sandusky, which has given 
so much trouble, was not more than 0.5 foot per second. At Lorain, trouble 
due to air in intake line is experienced when lake level is low and high waves 
develop, notwithstanding fact that intake is from 12 to 15 feet below water sur- 
face. G.H.StrickLanp, Windsor, stated that he believes that ice is formed on 
pipe, screens, etc., and does not float into intake, specimens having been found 
which showed impressions of rivet heads. Similar specimens have been found 
at Elyria. Laboratory Stirring Apparatus to Determine Proper Application of 
Chemicals. Puitie J. O'Connor. 33-4. Illustrated description of motor- 
driven laboratory stirring device, developed at Warren, by means of which 6 
samples of water can be agitated at rates varying from 25 to 75 revolutions per 
minute. Reduction of Water Waste by Metering atIronton. E.T.Epwarps. 
34-5. Universal metering, completed in 1923, reduced consumption at Iron- 
ton from 207 to 66 gallons per capita per day. Benefits of Leakage Surveys at 
Sandusky. O.F.Scnorprie. 35-8. Leakage surveys have been conducted 
in Sandusky for some years. City is divided into 5 districts and flow in each 
measured by means of pitot tubes. If minimum night flow exceeds 40 per cent 
of 24-hour consumption, district in question is further subdivided and effect 
on flow observed of shutting off various sections in turn. Curve is given show- 
ing population served and consumption during 6-year period prior to adoption 
of leakage survey policy and during 14-year period following. Average per 
capita consumption during former period was 205 gallons and during latter, 
152 gallons. Present rate is approximately 140 gallons, of which 63 gallons is 
for industrial and commercial use. Water department has been placed on 
sound financial basis as result of this work and many improvements have been 
financed from current earnings. Notes on Pitometer Surveys at Cincinnati. 
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fraction of 1 inch. Iron Removal and Softening at Crooksville, Ohio. A. 

Exvuiorr Kimperzty. 44-9. Water supply of Crooksville, derived from wells, 
_ is hard and contains considerable iron (up to 99 parts per million) and some 
‘manganese. Original treatment plant, consisting of spray nozzle aérators, 
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CLARENCE BAHLMAN. 38-40. Brief data are given on results of pitometer 
surveys in Cincinnati and graph is given showing water consumption in rela- 
tion to metered services. Some earlier surveys located leakages as high as 
between 4 and 5 million gallons per day. In reply to question, it was stated 
that as soon as unaccounted for water amounts to 24 per cent of pumpage in 
Sandusky, investigations are started to determine source of loss. In Cincin- 
nati, which is 100 per cent metered, 82 per cent of water pumped is accounted 
for. Time Factor in Chlorine Sterilization of Swimming Pool Water. O. F. 
ScHoEPFLE. 42-3. In routine control of a certain swimming pool in San- 
dusky, samples are stored for periods of from 1 hour to overnight before exami- 
nation. As residual chlorine content of pool water is carefully maintained 
between 0.2 and 0.5 parts per million it was considered advisable to determine 
effect of this interval between collection and examination upon results ob- 
tained. Series of 54 sets of duplicate samples was collected, one of each set 
being examined immediately (within 1 minute) and the other, after the usual 
interval. Average bacterial count per cc. on former was 17 and on latter, 9; 
maxima being 32 and 17, respectively. Gas formers were absent in 10-cc. 
portions of all samples. Not one of 1100 samples collected from this pool has 
given a positive B. coli testin10cc. | A Home-Made Rain Gage. 43. Brief 
description of simple, inexpensive rain gage, devised by E. J. Lewis at Bellaire 
consisting of copper tank 15.2 inches square and several inches deep, 1 inch 
depth being equal to 1 gallon, and drain tube to bottle located in laboratory, 
raduated in decimal fractions of a gallon, corresponding rainfall being same 


gravel pre-filters, and two 0.25-million-gallon per day rapid sand filters, proved 
inadequate and in 1929 plant was reconstructed for lime-soda treatment. 
Works now consist of mixing tank, clarifier, settling tank, reearbonation equip- 
ment, and filters. Compressed air employed for agitation also serves for 
oxidation of theiron. Cost of treatment, exclusive of fixed charges, is 8.2 cents 
per 1000 gallons. Practically complete removal of both iron and manganese is 
effected, and hardness is reduced 75 per cent. Residual hardness averages 84 
parts per million. Cincinnati Plant to Use High Rates of Filtration to Meet 
Peak Demand. CLARENCE BAHLMAN. 50-1. The 28 filters at Cincinnati have 
always been operated at 4-million-gallon per day rate, equivalent to 125 million 
gallons per acre per day, nominal capacity of plant thus being 112 million 
gallons per day. During 1930, consumption soared to new peaks, seriously 
taxing capacity of plant. Average consumption during July was 77.5 million 
gallons per day. It is planned to operate filters, at least during summer 
months, as 5-million-gallon units, that is, at rate of 156 million gallons per acre 
per day, which will bring nominal plant capacity to 140 million gallons per day. 
Bacterial Quality Resulting from Increasing Rates of Filtration. F. E. Suer- 
HAN. 52. Nominal filter capacity at Portsmouth is 8 million gallons per day, 
but during recent years as much as 10 million gallons per day has had to besup- 
plied, representing 25 per cent overload and filtration rate of nearly 160 million 
gallons per acre per day. An increase in clear water storage capacity from 
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7 to 30 million gallons during past year has remedied this condition, but a few 
tests were made to determine effect of increased rate of filtration on bacterial 
quality of effluent. Rates as high as 200 million gallons per acre per day did 
not materially decrease efficiency as regards 20° and 37° counts, but a rather 
abrupt increase in B. coli index occurred with rates above 175 million gallons, 
No positives were obtained in l-cc. quantities even at 200-million-gallon rate, 
Applied water had turbidity of about 4 parts per million. With such low tur- 
bidities, filter efficiency is usually low. In discussion, R. W. Furman dis- 
cussed acute overload difficulties at Toledo. Lime as a Water Purification 
Agent. C.P. Hoover and J. M. Montgomery. 53-8. General discussion of 
use of lime for softening, to assist coagulation, for prevention of corrosion, and 
as sterilizing agent. Lime (CaO) required for softening, in grains per gallon, 
is equal to (free plus half-bound carbon dioxide, in parts per million, x 0.074) 
plus (magnesium, in parts per million, X 0.136). To check dosage so estimated, 
prepare a solution 1 cc. of which contains | grain of lime (65 grams of lime slaked 
with small quantity of hot water and made up to 1 liter), treat water with cal- 
culated quantity of this solution, and stir for 30 minutes at velocity just suffi- 
cient to keep precipitate in suspension. Allow to settle 10 minutes, decant 
clear liquid, heat to approximately 120°F., filter, and titrate 100 cc. with N/50 
sulfuric acid, using successively as indicators phenolphthalein and methyl 
orange. If phenolphthalein alkalinity <x 2 exceeds total (i.e., methyl orange) 
alkalinity, then water contains excess lime; but if not, then insufficient lime 
has been added. Turbid flood waters sometimes cause difficulties. Best 
results can be obtained under such conditions by coagulating with alum and 
settling before addition of softening chemicals. If this cannot be carried out, 
alum should be added to raw water and latter agitated until reaction is prac- 
tically complete before adding lime. Tabulated data are given showing 
monthly B. coli indices of raw and lime-softened unchlorinated filtered water at 
6 softening plants during 1929. Raw water indices varied from 7 to 21,286 per 
100 cc., and softened water in every case conformed to United States Treasury 
Department standard. Period of contact between lime and water at these 
plants varies from 3.5 to 9.33 hours, on basis of rated capacity, and from 9.1 to 
23 hours, on basis of average consumption. Experiments at Columbus with 
Scioto River water containing 300,000 B. coli per 100 cc., showed 99.67 per cent 
destruction of these in 5 hours when sufficient lime was added to combine with 
free and half-bound carbon dioxide and precipitate the magnesium; 99.93 per 
cent, when excess of 1 grain was added above this amount, and 100 per cent with 
excess of 3 grains. Contact period required increases with B. coli and organic 
matter contents. Typhoid bacteria inoculated into lime-softened water are 
rapidly destroyed. Previous work has shown that, for sterilization, sufficient 
lime should be added to raise pH value to 9.5, or higher. Use of Lime asa 
Water Purification Agent at Cincinnati. CLARENCE BanuMaNn. 59. Ordi- 
narily, only sufficient lime is applied at Cincinnati to maintain phenolphthalein 
alkalinity of about 4 to 6 parts per million. Under these conditions, from 25 
to 45 per cent of total alkalinity is present as carbonate and pH value is from 
8.6 to 9.0. If sufficient lime is added to convert from 50 to 80 per cent of alka- 
linity to normal carbonate and increase pH to from 9.3 to 9.5, marked improve- 
During two 8-day periods, during which 


" 
Be 
re 
al 
! 
| 
| 
Ba 


ABSTRACTS OF WATER WORKS LITERATURE 


chlorination was discontinued owing to intense phenol tastes, lime was applied 
with intention of maintaining 5 parts per million caustic alkalinity in filtered 
water. Although this reaction was not consistently maintained, only 40 per 
cent of samples of water entering coagulation basin being caustic, excellent 
results were obtained. Pre-coagulated water averaged 390 B. coli per 100 cc., 
and filter influent, 45; average retention period being 8 hours; and of 280 ten- 
ec. portions of filter effluent examined, only 5 showed gas formation. During 
these 16 days only 2 of 180 ten-cc. samples collected from downtown section of 
distribution system showed gas formation. Under ordinary operating condi- 
tions, samples collected from that part of system are rarely free of colon bac- 
teria for more than a few consecutive days owing to existence of open reservoir. 
Use of Lime as a Water Purification Agent at Ironton. E.T. Epwarps. 60. 
Lime has been employed for several years at Ironton to reduce bacterial con- 
tent of applied water and to minimize chlorine requirement when phenols are 
present. Sufficient hydrated lime is applied at entrance to preliminary settl- 
ing basin to maintain causticity of from 10 to 15 parts per million. After 18 
or 20 hours retention, about 3 grains per gallon of alum is applied and water is 
allowed to settle for 18 hours in coagulation basin. Filter effluent practically 
always conforms to United States Public Health Service standard. Results 
obtained during 1930 are tabulated. Use of Lime as a Water Purification 
Agentat Youngstown. W.I.VanArnum. 61-2. Lime has been continuously 
employed as sterilizing agent at Youngstown for past 11 years. Dosage is 
adjusted to produce causticity cf approximately 10 parts per million. In 
only 1 month during past 7 years has filtered water B. coli index exceeded 1 per 
100cc. Raw water with presumptive coli index of 100,000 per 100 cc. has often, 
after treatment with lime, been free from gas formers when 75 per cent of travel 
through basin providing 3.5 hours’ detention had been accomplished. Lime 
improves coagulation and permits reduced alum dosages. Lime sterilization 
becomes markedly less effective with under-coagulated water. At times raw 
water contains large amounts, as much as 120 parts per million, of dissolved 
iron. Causticities of at least 10 parts per million have then been found neces- 
sary for complete precipitation of iron. In discussion, conflicting evidence 
was presented regarding effect of addition of lime on coagulation with alum. 
Suggested Changes in Presumptive B. Coli Tests. J. S. Gerrrust and C. O. 
HostettLeER. 62. Lactose broth, modified by addition of 5 grams lactose 
peptone bile, or of 0.25 gram dried bile, per liter, was found to inhibit gas 
formers growing after 24 hours’ incubation at Akron (Cf. Tuis JourNAL, 16: 
671). Parallel tests with this medium and lactose broth on all samples exam- 
ined at Akron over a period of 1 year indicated that modified broth was not 
inhibitory to B. coli (Cf. Tais JouRNAL, 19: 467). It is suggested that Ohio 
State Department of Health permit use of this modified medium. The Useof 
Modified Broth at Fostoria. A.B.Cameron. 63-4. Water supply of Fostoria 
is derived from two impounding reservoirs. Filtered and chlorinated water 
contains organisms which form gas in lactose broth only after 24 hours’ incuba- 
tion and seem to have little sanitary significance. In October, 1929, decided 
increase in numbers of these organisms occurred following heavy rains which 
filled reservoirs. Peak was reached in December, when chlorinated water had 
presumptive index of zero and a gas former index of 33.6 per 100 cc, Confirma- 
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tion tests, without exception, were negative. Organisms were present in large 
numbers for 5 months, the count in the chlorinated water being frequently 
higher than that in the unchlorinated filtered water. Daily comparative tests 
on treated water during period February to August, 1930, employing standard 
lactose broth and modified bile broth (Cf. Gerrrust and HosTETtier, supra) 
showed that latter medium eliminated 90 per cent of these gas formers without 
interfering with presumptive test, presumptive index being 60 per cent higher 
than with standard lactose broth. Further research work should be conducted 
on this problem. Experiments Employing Modified Broth. Lxro F. Ey, 
65-6. Comparative tests with standard lactose broth and modified broth (Cf. 
foregoing) were made at laboratories of Ohio State Department of Health on 
50 samples of water collected from well supplies which had been developed in 
accordance with modern ideas of perfectly sanitary conditions. Of the 50 
samples, 24 were negative in both media and 26 showed B. coli group organisms 
by either, or by both methods. Of latter, 17 showed gas within 48 hours by 
both methods, 14 being found to contain true B. coli and other 3 giving doubt- 
ful colonies; 5 showed gas in lactose broth only, 4 of which were confirmed B. 
coli; and 4 showed gas in bile only, 1 of which confirmed. Tendency was for 
gas to appear earlier in lactose broth than in bilemedium. In11 samples show- 
ing gas within 24 hours, 6 showed 10 per cent, or more, in lactose broth and none 
in bile, while only 1 showed 10 per cent, or more, in bile and none in lactose 
broth. It was suggested by author that a standard methods committee be 
formed to make a more intensive study of bile medium. This suggestion was 
adopted by the Conference. In discussion, C. BAHLMAN stated that prior to 
construction of the Ohio River dams, 90 to 95 per cent of gas formers in the raw 
and filtered waters and 80 per cent of those in chlorinated water confirmed as 
B. coli at Cincinnati. During past 5 years, percentage confirmed has remained 
about the same in raw and filtered waters, but has varied from 29 to 57 per cent 
in chlorinated water. Practical Application of Ammonia-Chlorine Process in 
Sterilization of Cleveland Water Supply. M. M. Brarpecu. 67-78. (Cf. 
Tuis JOURNAL, 22: 1297). Details are given of one year’s operating experience 
with ammonia-chlorine process of sterilization and taste prevention at Cleve- 
land. Difficulties were experienced with solution feed of ammonia, due to incrus- 
tation of feed lines with calcium and magnesium carbonates, but direct feed of 
anhydrous ammonia, subsequently adopted, has proved entirely satisfactory. 
Apparatus employed is described and illustrated. Pre-ammoniation was com. 
menced at Division Avenue plant two months earlier than at Baldwin plant. 
This provided opportunity for comparative study of the sterilizing efficiencies 
of chlorination with and without pre-ammoniation. During period of 11 
months, 1150 samples were collected from 39 points in distribution system. 
Ammonia dosage was varied from 0.5 to 2 pounds and chlorine, from 2 to 5 
pounds per million gallons. Pre-ammoniation was discontinued at the Bald- 
win plant for periods of 1 week each in April, June, and October, to observe the 
effect of temperatures of 6°, 16°, and 20°C. Results indicated a significant 
improvement in quality of water, due most probably to persistent chlorine 
residuals maintained in distribution system, which increased directly with 
ammonia dosage. When latter was reduced to 0.5 pound per million gallons, 
chlorine residuals did not extend very far into distribution system and beyond 
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zone of effective concentrations of chlorine, increase in bacteria was noted. 
No chlorophenolic tastes or odors could be detected during season when tastes 
usually occur. Maintenance of chlorine residuals as high as 0.55 parts per 
million elicited no complaints from consumers. Ammonia also apparently pre- 
vents chlorinous tastes due to organic chloro-compounds which are formed 
when chlorine alone is employed. On several occasions, particularly during 
the warmer months, when ammonia was temporarily discontinued for experi- 
mental purposes, these tastes were perceptible with but 0.3 parts per million 
residual chlorine and disappeared when ammonia was reapplied. Samples 
collected immediately after application of chlorine showed no evidence of a 
lag in initial sterilization rate. Application of ammonia to filter influent 
proved unsuccessful, conversion to nitrate being almost quantitative, probably 
as result of catalytic oxidation by iron present in filters. Iron content of 
effluent increased during this period from normal of much less than 0.1 part per 
million to nearly 1 part per million. Algal growths in outlying reservoirs were 
less than was the case prior to use of ammonia. It was found that while water 


- leaving the plant was practically free of nitrites (less than 0.0005 part per mil- 


lion as nitrogen), water from distant parts of distribution system contained up 
to 0.15 part per million, indicating almost complete conversion of ammonia 
applied. Where chlorine residuals were high, nitrites were low and ammonia, 
high; and where chlorine was low, free ammonia was low and nitrite, high. 


_ Samples from plant, however, kept in unstoppered bottles, contained residual 


chlorine after 10 days, or more, and there was practically no reduction in 
ammonia content following disappearance of the chlorine, only a trace of 
nitrite being present. Similar samples placed in clean iron pipe showed pro- 
gressive increase in nitrite and decrease in chlorine and ammonia. Presence of 
nitrite may interfere in determination of chlorine present as chloramine with 
o-tolidin, as from 20 to 45 minutes must be allowed for maximum color develop- 
ment, The chlorine equivalents of colors produced by concentrations of from 
0.01 to 1.0 part per millicn of nitrite after various periods of contact are tabu- 
lated. This interference is materially less in presence of free ammonia and 
may be prevented by adding 1 cc. of dilute hydrochloric acid (1: 100 by volume) 
and 0.5 cc. 3 per cent hydrogen peroxide to the 100-ce. samples 5 minutes before 
adding o-tolidin. Direct Nesslerization was found to be sufficiently accurate 
for controlling ammonia dosage, cloudiness produced by calcium and mag- 
nesium being prevented by addition of 2 ce. potassium sodium tartrate solu- 
tion (50 grams per 100 cc.). In brief series of tests it was found that when 
zeolite was added to water containing phenol, chlorine, and ammonia, the 
latter was completely removed and distinct chlorophenol taste developed. 
Laboratory tests with various concentrations of chlorine, ammonia, and 
phenol, results of which are tabulated, showed that pre-ammoniation is effec- 
tive in preventing taste over a wide range of conditions. The maximum dos- 
ages of chlorine which could be employed without production of taste with vari- 
ous concentrations of phenol in presence of 0.06, 0.12, and 0.24 parts per million 
of ammonia were as follows: 
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Dosages of chlorine experimented with were 0.24, 0.36, 0.48, 0.60, and 1.00 parts 
per million. It was observed that if taste did not appear in 0.5 hour it would 
not develop later (up to 5 days). Experiments on superchlorination showed 
that 20 parts per million of chlorine are required to prevent taste in presence of 
1.0 part per million of phenol, 3 parts per million of chlorine, in presence of 0.1 
part per million of phenol, and 1 part per million of chlorine, in presence of 0.01 
part per million of phenol. Chlorophenolic tastes produced with 0.2 part per 
million of phenol and 0.3 part per million of chlorine persisted for 6 months, 
and those formed with 1 part per million of phenol and 1 part per million of 
chlorine were very strong after 1 year. Ammonia alone imparts a weak saline 
taste when concentration reaches 15 parts per million. Increase in cost of 
purification when pre-ammoniation is employed is insignificant. In brief 
discussion of chemistry of process, author expresses some doubt regarding 
formation of chloramines under conditions obtaining when water is treated by 
this method. Application of Ammonia-Chlorine Process at Warren. Puiiip 
J.O’Connor. 79-80. During winters of 1928-9 and 1929-30, treated water at 
Warren had a “‘medicinal’’ taste on several occasions, persisting for a consider- 
able time. Although prechlorination was an integral part of purification 
process, taste did not develop until after chlorination of the filtered water. 
Tastes probably result from presence of phenol-containing wastes and of pro- 
ducts of decomposing organic matter. Application of anhydrous ammonia to 
filter influent has prevented the occurrence of these tastes. Previous to use of 
ammonia, chlorinous tastes were noticeable in city water if residual chlorine 
content exceeded 0.12 part per million, whereas in presence of ammonia chlorin- 
ous tastes are not evident even with residuals of 0.25 part per million. During 
summer months, when algae are present, bacterial multiplication occurs in 
settling basins and when residual chlorine content of applied water is over0.15 
part per million there is at times an increase in the bacterial count in filtered 
water. Changing point of ammonia application to the raw water has effected 
marked improvement in this regard. The residual chlorine content of filtered 
water is zero, as without pre-ammoniation. Application of the Ammonia- 
Chlorine Process at Defiance. F.S.Taytor. 81. Water supply of Defiance 
is drawn from Maumee River, which is polluted at times with phenol and other 
organic matter. Application of ammonia to filter influent, chlorine being 
applied as usual to filtered water, has been practised during past 6 months in 
effort to prevent tastes which rey dev wee. During Pee when musty 
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taste was present due to algae, and chlorine was being applied at rate of 0.8 part 
per million, application of 0.5 part per million of ammonia had little effect. 
No chlorine taste was evident, however, despite fact that residual chlorine con- 
tent was considerably higher than point at which chlorine tastes were usually 
noticeable. Routine dosage of ammonia employed has been from 0.25 to 0.35 
part per million and chlorine dosage, approximately twice that amount. 
When chlorine dosage reaches 0.7 part per million, ammonia applied must be in 
excess of half the chlorine dosage in order to prevent chlorine tastes. The per- 
sistent residual chlorine content, with resultant bactericidal effect, has been 
chief benefit derived from this method of treatment at Defiance. Experience 
with pre-ammoniation at several other cities was recounted in the discussion 
which followed presentation of these papers. Iron Removal Plant at Xenia. 
W.H. Knox. 82-4. Water supply of Xenia, derived from wells, has an aver- 
age iron content of 1.1 parts per million. Treatment employed consists of 
aération, sedimentation, and filtration. Aérator consists of 3 trays, spaced 1 
foot apart, filled with coke. The three 0.5-million gallon filters are of conven- 
tional rapid sand type. Treated water is free of iron. Softening of the supply 
is being considered. Much effort has been expended in beautifying the area 
surrounding plant and as a result grounds are unexcelled in attractiveness at 
any water works in the state. Municipal Water Treatment Plants in Ohio. 
85-7. Tabulated data, including source of supply, population supplied, capa- 
city of plant, average output per day, and methods of treatment employed, are 
given for every water purification plant in Ohio.—R. 2. Thompson. 


Methods for Determinination of Hydrogen in Loaded Class I.C.C. 105A300 
Tank Cars, Approved and Adopted by The Chlorine Institute, Inc., as of Oct. 1, 
1930. The Chlorine Institute, Inc., 30 East 42 Street, New York, N. Y.— 
Hydrogen is determined by combustion of a sample of the vapor phase of a 
liquid chlorine container, which has been collected over an alkaline solution of 
sodium arsenite. The combustion is a direct adaptation of the familiar flowing 
spiral method and takes place with ease and a satisfactory degree of accuracy. 
To obtain the exact percentage of hydrogen in the container, a determination 
of the amount of non-absorbables is necessary. The determination of the non- 
absorbables is conducted by filling the burette with a portion of the vapor phase 
from the liquid chlorine container, reducing the pressure to atmospheric and 
introducing some alkaline sodium arsenite from a convenient reservoir. This 
reservoir may well be a one liter aspirator bottle, tubulure of which will take 
rubber tubing direct. The pressure on the gas is equalized by bringing the level 
of the liquid in the burette to that of the reservoir, whereupon the percentage 
of non-absorbables is read directly and from it the percentage of chlorine. Cal- 
culations are as follows: 


Percent Chlorine in Vapor Phase = 100 — Percent Non-absorbables. ithe 


Percent Hydrogen in Non-absorbables = 26 
3 atte 
Percent in Sample = 


Percent hydrogen in Non-absorbables X Percent Non-absorbables ee 
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Description of preparation of absorbent solution and apparatus is given, — 
A.W. Blohm. 


The Chlorine Institute Code of Practices Governing the Handling of Liquefied 
Chlorine Gas Containers of Multiple Unit Tank Cars, Class I.C.C. 106A500, 
Approved and adopted as of October 1, 1930. The Chlorine Institute, Inc., 
30 E. 42nd Street, New York, N.Y. (a) Multiple unit cars shall not be offered 
for transportation unless filled or empty containers are securely attached to car 
by equipment provided for this purpose. Containers shall be uniformly 
placed. (b) Cars shall be consigned to one consignee only ——.  (c) Unloading 
and reloading shall be done by consignee exclusively ——. (d) Unloading by 
other means than hoisting is prohibited. (e) Containers shall be lifted only 
high enough to clear hand rails. (f) Consignees shall provide at least one gas 
mask. (g) Provision for transportation of containers. (h) Derailer shall pro- 
tect car while unloading.—A.W. Blohm. 


Spiral Welded Pipe. The American Rolling Mill Company, Middletown, 
Ohio. This company announces a new spiral welded pipe manufactured in 
jointless lengths up to 40 feet, in sizes ranging from 6-inch to 24-inch diameter 
and in any wall thickness from 12 gage to } or } inch. The favorable features 
of this pipe are said to be ‘‘lighter weight, easier handling, long sections which 
reduce the number of field joints, smooth inside wall which reduces friction and 
pumping costs, and a saving in shipping and handling costs.— A. W. Blohm. 


De Voorbehandeling Bij Langzame Zandfiltratie Van Rivierwater. (Pre- 
liminary Treatment in Connection with Slow Sand Filtration.) J. E.CARRIERE. 
Publisher, S. 8. Korthuis, ’s Gravenhage, Holland. This paper deals with the 
study made to improve and enlarge the river waterworks of the community of 
Zwijndrecht, and is written in four chapters as follows: I—A Survey of the 
Existing Methods of River Water Purification; II—Researches as to the Effect 
of Purification of the Filter Installation at Zwijndrecht; [1I—Results of Filtra- 
tion at Dordrecht, Altona, Hamburg and Zurich; IV—Comparison of the 
Results of Filtration at Dordrecht, Zwijndrecht, Altona and Hamburg, and a 
Calculation of the Cost of Prefiltration. The writer’s conclusions are: ‘‘Under 
favorable conditions, the results of slow sand filtration may be doubled by 
chlorinating the settled water. Chlorination of the water, brought on the slow 
sand filters, requires a keen supervision and a conscientious control. The 
method therefore can only be trusted where there is an experienced staff. 
Since the slow sand filters at Altona and Zwijndrecht yielded, after the intro- 
duction of pre-filters, about 3 times the original quantity, while at Hamburg the 
output was doubled by chlorinating the settled water, pre-filtration is, from a 
filtration point of view—that is to say, apart from questions of quality—prefer- 
able to chlorination, especially so, because the process runs automatically. As 
the semi-slow pre-filters at Zwijndrecht are not fit to prevent an unfavorable 
affection of the slow sand filters—be it in a comparatively small degree—during 
the growth of diatoms and other organisms in the spring, resulting in relatively 
short filter runs (13-14 days, once even 6 days), while the rapid pre-filters at 
Altona proved to be able to remove all disadvantageous influences of these 
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growths, it follows that cov ered rapid pre-filters are preferable to non-covered 
semi-slow primary filters. The increase in cost by the introduction of pre- 
filtration is about 13 sh. per million gallons water, assuming that the rate of 
filtration of the slow sand filters remains unaltered.’’—A.W. Blohm. 


A Study of the Production of Activated Carbon from Various Coals and Other 
Raw Materials. A.C. Frevpner, R. E. A. E. GaALttoway. Bureau 
of Mines, Technical Paper 479. U.S. Department of Commerce. This paper 
gives information on the production of activated carbon from cheap raw 

materials, the relative values of such materials for the purpose and the proper- 
ties of the activated carbon so produced.—A. W. Blohm. 
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